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ABSTRACT 


AN INVESTIGATION OF A PROPOSED PLAN 
FOR CONVERSION OF LIBERTY SHIPS 


by 


William D. Bail, Jr., Lieutenant, 
U. S. Coast Guard 


Charles Scott Marple, Lieutenant, 
U, S. Coast Guard 


Submitted to the Department of Naval Architecture and 
Marine Engineering on 24 May 1954 in partial fulfillment 
of the requirements for the degree of Naval Engineer from 
the Massachusetts Institute of Technology. 


The object of this thesis is to present a conversion 
plan for the existing Liberty Ships involving least cost 
to increase their potential as a national defense investment 
by increasing their speed to 15 knots. Approximately 1500 
Liberty Ships are now in the reserve fleet, costing originally 
upwards of Six Billion Dollars. They are regarded as obsolete 
and a questionable defense potential because of speed limita- 
tions. 


This proposal is based on the following: Scrap one 
ship and save propulsion machinery; modernize one ship by 
using the additional propulsion machine obtained to 
double the power, and lengthen the bow 24 feet to improve 
resistance. 


Details of machinery changes: Move forward engine room 
bulkhead forward 17' 6" to make room for the two additional 
boilers; mount two main engines each 6' 6" from the center- 
line of the ship in the same longitudinal location with the 
starboard engine HP cylinder placed aft so that the engine 
driven auxiliaries and main condenser retain the same posi- 
tion relative to this main engine; install single reduction 
gears for engine speed of 76 RPM to 85 RPM of propeller; use 
new line and tail shafting, new stern tube, and new 18' pro- 
peller; necessary auxiliaries duplicated using those from 
scrapped ship. 


The new bow is faired into existing Station No. 3 at 
approximately frame 30 and has the following characteristics; 
Cut-up starting at 53' 7" from new forward perpendicular, 20 
raked stem, and 16° half angle of entrance. 
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Final characteristics of conversion: 
Length between perpendiculars = 440! IHP = 5000 horsepower 


Beam, molded = 56.9! Speed = 15 knots 
Draft =< 27.15! Range = 17,500 miles 
Displacement = 14,175 tons Deadweight = 10,300 tons 


The conversion is considered feasible in spite of excessive 
fuel consumption, and would cost approximately One and One Half 
to Two Million Dollars per ship. 


Recommendations for making this proposal an actuality: 
Self propulsion model test; necessary detail designs for 
contract plans. 


Thesis Supervisor: J. A. Brown 
Title: Professor of Naval Architecture and Marine 


Engineering 





Cambridge, Massachusetts 
May 24, 1954 


Secretary of the Faculty 
Massachusetts Institute of Technology 
Cambridge, Massachusetts 


Dear Sir:- 


In accordance with the requirement for the Degree 
of Naval Engineer, we submit a thesis entitled:- 
"An με. of a Proposed Plan for Conversion of 
Liberty Ships" 





ACKNOWLEDGEMENTS 

The authors wish to arknowledge their indebtedness io 
Professor J. A. Brown, CDR, USN, Massachusetts Institute of 
Technology for his help and criticism in the course of this 
investigation. We also thank Professor L. Troost, Massachu- 
setts Institute of Technology for his advice and encourage- 
ment; Professor Evers Burtner, Massachusetts Institute of 
Technology for his helpful comments; the major shipbuilding 
companies who aided us in cost estimates, although their 
names are withheld by request; and Mr. Walter Leavitt for his 
typing of the final report. Finally, we thank those members 
of the Naval Architecture and Marine Engineering Department 
who contributed beneficial comments when the impossible 
seemed evident. 

The basic idea of using material from scrapped ships for 
this investigation was taken from a letter dated 7 August 
1953 from Professor L. Troost, Massachusetts Institute of 
Technology to Senator Charles E. Potter, Chairman, Special 


Subcommittee on Maritime Subsidies. 














ioe -— 


= "= O O E ie 

«ft - m c o 
F εν «ον — +++ 
== чк == мәсі ЖЖС ee 
eo —— s coco د‎ 
-  -—— - < ж w B= a. 
= e а س‎ 
ue — — > — В 
жаты» а o m. eS 
ee et - 
е н а л аа АНН 
ы.а “нен 

SSE  — Qu LU С 
==: жи а +... OA .., -,. 
κών. κ. mm my 
m t Ë 
.-.-- 


яь-- 








TABLE OF CONTENTS 


Page 
gn. imbrenaetioA . ü 
с кке. ,...,............. 3 
ИКИ ТИИ о ое лее в ее ое о ее 5 
JV. Discussion ОТ ева 159.. .............. ey 
US ORCS... ono ous ooo s.n. s.c $9 


YI. Meommendations . . . . , . + + < ......... M 
кн, АРЫН 2 ..................... дБ 
А. Ргоре11ег Selection , . . . e e e o +s +X sx < + < <+ 86 

B. Shafting and Stern Tube Size Estimation . . . .. 54 
Reduction Gear Deblen . . . e.. s o s + < + ç + + 9 
Preliminary Length Investigation . . . . . . . . 64 
Conversion Coefficients and EHP Determination . . 70 
Conversion Displacement and Other Curves . . . . 5 
Floodable Length . . . . s . 2 2 oss» OF 

ңа БРОНЕ. suo oso os ao FF. α8 


5% 
D. 
E. 
F. 
G. 
H. 
I. πο σας АМА Соз ..............., 92 
лера в"...  » ο ο ν ο ν ο ο ὁ ο 95 
К. Fuel O11 Consumption and Related Topics . . . . . 98 
Lo ивеешезта ле"? гй. ......,..,...,.. 1% 
N. Ešt108466 @o8t . . "7... тей 
N. 


Bibliography * 9 9 o 9 9 e Ф e Ф e e 9 e e e e Ф 107 





10. 


B. 
12. 
13. 
14. 
15. 
16, 


17. 
18. 


19. 
20. 


al. 


LIST OF FIGURES 


Machinery Arrangement, Existing Lower Level. 


Machinery Arrangement, Existing Upper Level. 


Machinery Arrangement, Lower Level 
Machinery Arrangement, Upper Level , . 


Gear Bearing Load Diagram. . . . o . ο 


Preliminary Expanded Longitudinal Section 


of Gears 9 9 9 Ф 9 ° ° ° Ф 9 9 ° 9 Ф e 


Elevation at Centerline of Reduction Gears, 


Ф 


Showing Necessary Clearance for Removal. 


Uptakes, Plan View Existing. . . . .. 


Forced Draft Fan and Duct Arrangement, 
Бесе жн ечасіоа . ........... 


Forced Draft Fan and Duct Arrangement, 
Frame 96, Looking Forward. . . . . ο ο 


Details at Stern Casting . . . . . ο ο 
Modified Lines for New Bow . . . . . . 
Prot Ile oi Wem Bow... « e o o s » : 
Displacement and Other Curves. . . .. 
осу Curyes. . . + « e « « « e 


Sectional Area Curves for Preliminary 
peupeh Tuvestigatien . . . . . 9... 


Resistance Coefficients.  « o. . o « ο 
EHP versus Speed in Knots. . . . . +. + 
Final BHP and SHP Curves . . o . èe e ο 


Hold #1 Area Curves for Calculating 
Capac ity Changes Ф Ф Ф Ф Ф Ф Ф Ф 9 9 9 


Midship Section of Liberty Ship. . .. 


10 
11 
12 


13 


14 
15 


16 


17 
18 
19 
20 
ENT 
22 


23 
24 
25 
26 


E 
28 











o? 0-7 2 





L. INTRODUCTION 

The United States Government is in a dilemma, what to do 
with the Liberty Ships? These ships in their present condi- 
tion represent an undeveloped potential of strength in case 
of national emergency. 

Preceding and during World War II, the United States 
built approximately 1,500 Liberty Ships costing about six 
billion dollars. These ships, in fact, were considered obso- 
lete when they were built. Slow and out-dated as they were, 
they did accomplish the job of logistic support in a credit- 
able fashion. 

Now laid up and rusting in reserve fleets their poten- 
tial as a defense investment is questionable. Two alterna- 
tíves are open to the Government; either to convert these 
ships so that they will be of use in a national emergency, or 
to scrap them. The former alternative seems more realistic. 
Not only would the Government realize greater strength in an 
improved fleet, but also work, which is desperately needed, 
would be available for the shipbuilding industry. The second 
alternative would represent a terrible loss. This thesis 
will concern an investigation of a conversion plan designed 
for national emergency only. 

The basic premises for this investigation are: that at 
the beginning of such a period considerably larger numbers of 
ships would be required; that materials and machinery would 
be in short supply; and that there would be a time delay for 


shifting from peace time to war time production; i. e. 


ES 








mobilization. The conversion plan fits itself to these con- 
ditions in that a minimum of material would be required: con- 
siderable scrap would be made available for the steel milis; 
and a number of modernized Liberty Ships would be available 
for immediate shipping requirements at a minimum cost. 

Briefly, the conversion plan embodies the following 
features. For each ship modernized, one would be scrapped, 
except for the propulsion machinery. By using the salvaged 
machinery to double the power in the converted ship, its 
speed could be increased. Modification to the bow by length- 
ening is proposed to reduce resistance and provide a more 
suitable form for increased sustained sea speed. 

Modest returns for this project would be realized in the 
financial return for the scrap, and the savings made by elin- 


ination of the maintainence cost for the scrapped vessel. 
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II. PROCEDURE 

Inwiew*of the fact that this is a practical and pro- 
gressive thesis, in that result follows upon result, and not 
an investigation of any one specific theory, the procedure 
wili list only the investigations made in sequential order 
and give briefly the method used for each investigation. The 
degree of thoroughness was chosen commensurate with the im- 
portance on the final overall result. 

Tentative machinery arrangements were made for doubling 
the power by duplication of machinery. An attempt was made 
to maintain single screw propulsion and to keep the increase 
in space requirements to a minimum. Changes were viewed with 
respect to keeping the cost as small as possible. Any new 
equipment needed was tentatively designed using established 
procedures and rules. 

To determine the desired increase in length the sec- 
tional area curve of the existing Liberty Ships was stretched 
out from station three (3) forward, as if by pulling the nose 
to four predetermined lengths to ascertain the decrease in 
resistance. The resistance of these modified forms was cal- 
culated using Taylor's Standard Series. The goal of a sus- 
tained sea speed of fifteen (15) knots was established and 
strived for. From this investigation an increase in length 
was decided upon for increased speed and a more suitable bow 
form for maintaining this speed under service conditions was 
selected. 


From this information an actual set of lines was 
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prepared for the new bow by fairing into the existing lines 
at station three (3). 

Once the form of the new bow was determined, the effect 
on the overall ship's characteristics, i.e. displacement and 
other curves, was calculated. This calculation was made on 
a change basis; deductions for the old bow and additions for 
the new bow. 

Bulkhead spacing was checked by drawing a new floodable 
length curve using Webster's method. Changes in capacities 
of cargo and fuel oil were made from curves of molded volume 
with assumed deductions for interference and structure. 
Range was checked using existing fuel rate information. 
Other investigations were made for weight changes, and 
strength. 

To obtain an approximate overall evaluation for this 
proposal, letters describing this plan were sent to four 


leading shipbuilding yards requesting a rough cost estimate. 
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ІІІ. RESULTS 

Figs. l and 2 show the existing machinery arrangemernz. 
Figs. 3 and 4 show the final machinery arrangement as a re- 
sult of thas proposal. Comparisom of Figs. 1] and 2 with 
Figs. 3 and 4 should clearly illustrate the changes made. 
The salient features of all changes are as follows: 

l. Forward engineroom bulkhead moved forward from frame 
88 to frame 81. 

2. Two additional boilers installed between frames 86 
and 82 without any changes to the existing fuel oil system 
piping. 

3. Two forced draft fans placed in the overhead behind 
the boilers on opposite sides with each one to supply an 
athwartships row of two boilers. The fans were located at: 
frame 92 Port and frame 82 Starboard. 

4. Changes in forced draft ducting and boiler uptakes 
are illustrated in Figs. 9 and 10. f 

5. Two main aua mm CNN off the centerline 
between frames 97 and 107 with the Port engine HP cylinder 
forward, and the Starboard engine HP cylinder aft. The en- 
gine driven auxiliaries and main condenser were maintained in 
the same position relative to each main engine so that no 
modifications are needed. 

6. New reduction gear for engine speed of 76 rpm to 
propeller shaft speed of 85 rpm mounted between frames 108 
and 110. A plan view of the gears is illustrated in Fig. 6. 


Changes to deep tank #3 for installation of reduction gears 
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and clearances for gear repairs are illustrated in Figs. 3 
and f. New mechanical tice flexible couplings are to be in- 
stalled in spaces indicated in Fig. 6. 

7. Two Main Circulating Pumps, 3 Fuel O11 Service 
Pumps, 4 Main Feed Pumps, and 4 Auxiliary Generators placed 
in locations indicated in Figs. 3 and 4. Locations of all 
other auxiliary machinery are also illustrated; however there 
is no change in the number cf each required. 

8. New line shafting of 15.25" diameter and new tall 
shafting of 17" diameter to be installed in the present shaft 
line. 

9. New stern tube is illustrated in Fig. 11. 

10. New propeller of 18' diameter. 

11. Lines for new bow are illustrated in Fig. 12. For 
these lines the half angle of entrance of the 27' waterline 
is 16°, The bow has a 20° raked stem with 10' radius and 
oe” 7" ος dut Ap. 

12. Displacement and other curves for existing ship and 
for conversion are illustrated in Fig. 14. For these curves 
whenever the midship station is used for reference this point 


Was maintained at the original midship station. 


5. 
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13. *Coefficients of the new hull form at 27.15 ft. 


waterline are: 


Ср= aram. Сре= .(19 Ге = 43 ‚2% 
Cp= .730 Cpr” 125 Dmb = 9. 5% 
Cw= .820 Lr= 47.3% 


A = 14,175 tons 
L.C.B. 12.1' forward of existing midship section or 
0.1! forward of new midship section. 
14. New floodable length curve is illustrated in Fig.15. 
15. Profile of the new bow is illustrated in Fig. 13. 
16. New light ship displacement = 3868 tons. 
17. New fuel oil capacity = 2453 tons. 
18. New grain cubic = 550,142 cu. ft., new bale cubic = 
494,446 cu. ft. 
19. Calculated EHP bare/ SHP at engine = .78 
20. Final curves for EHP bare and SHP at engine versus 
speed for conversion at a draft of 27.15' are illustrated in 
Fig. 19. 
21. Range = 17,500 miles at 15.3 knots, or 48 days. 


% Definition of coefficients, Reference 5, p.8,9,10 
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GENERAL NOTES 
. All materials to be same as for existing LIBERTY SHIPS 
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IV. DISCUSSION OF RESULTS 

In this section the subhead numbers will correspond to 
the topics as listed in the RESULTS. 

i. This result is based on many trial and error arrange- 
ments of the basic machinery. The final result was chosen 
for its compactness in that it produced the smallest increase 
in engineroom size. Conversely, this resulted in the small- 
est decrease in the volume of Hold Z3. In effect, this bulk- 
head movement was needed only for the installation of the two 
additional boilers. 

2. The two existing boilers are left unchanged, as any 
movement would necessitate additional cost. The location of 
the additional boilers was chosen for the purpose of keeping 
fuel system piping, manifolds, and pumps in their present 
location, again requiring no changes. The only additional 
fuel oil piping required is necessary for firing the added 
boilers, This location also provides necessary clearances. 

3. Since two extra boilers are required for doubling the 
power, two forced draft fans are needed, each one to supply 
two boilers as in the existing plant. To keep the working 
Space at a maximum on the lower level, the forced draft fans 
Were placed on à level with the top of the fuel oil settling 
tanks. In this manner the ducts were placed in back of the 
boilers near the skin of the ship. Each forced draft fan 
Supplies two boilers in athwartship position. By arranging 
the fans in this way the maximum amount of fuel oil settling 


tank volume can be utilized. 


BO .. 





4. The new forced draft ducting supplies each of the two 
athwartships boilers from below, and encounters no interfer- 
ence from existing piping systems. Running the ducting in 
this manner was the only way that both objectives could be 
met and still keep the length of ducting small. 

The uptakes for the existing boilers are not changed. 
The uptakes for the additional boilers join the existing up- 
takes at the base of the stack. The stack does not need to 
be enlarged, as shown in APPENDIX K. 

5. The main engines are located in the same longitudinal 
position as on the existing Liberty Ships, between frames 97 
and 107. Keeping the engines in this location has two advan- 
tages; existing hull reinforcements may be utilized for 
strength and also the length of the engineroom can be kept to 
a minimum. The minimum distance, 13', between the centerline 
of each engine was selected to keep the size of the gears re- 
quired for power transmission to a minimum and still provide 
clearance between the engines. 

The starboard engine was reversed with the high pressure 
cylinder aft, so that the main condenser and air pump can be 
kept in their existing positions on each main engine without 
unnecessary added cost of installation. This necessitates a 
longer steam supply line, but this is negligible as compared 
to the changes required if the engines were placed in posi- 
tion with the high pressure ends of both engines forward. 
This reversal has to be effected by changing the power take- 


off from the low pressure to the high pressure end. This can 


-30- 





easily be accomplished since the main engine crankshaft is 
fabricated in sections.* Thus, the existing forward section 
of the high pressure crankshaft with eccentric would be re- 
moved and replaced by a new section with suitable flanges for 
power taxe-off. 

Control of the engines is more complicated by this ar- 
rangement, but necessary extension rods can be designed to 
meet the control requirements. A suggested method for con- 
trol of the main engines could be a long shaft between the 
engines with worm gears for operating each valve wheel simul- 
taneously. The control station would be forward of the main 
engines on the centerline of the ship. 

6. With the given engine spacing of 13! to accomplish 
the required speed changes by a single reduction, i.e. from 
T6 RPM of engines to 85 RPM of propeller shaft, the diameters 
of the gears must be 82.4" for the two engine pinions and 
13.6" for the shaft bull gear. 

The centerline of the reduction gear has been located at 
frame 109, For a generous allowance of space, the gears were 
designed with a loading factor of 50, and bearing pressures 
of approximately 150 pounds per sq. in. The overall length 
of the gears and bearings is 57". In the preliminary plan 
view of gears, Fig. 6, allowance has been made for installing 
flexible couplings between the main engines and the gears. 
The minimum space allowed is 21 5/8". The space forward of 
the reduction gear on the centerline to the main engines of 


*Reference 8 plate 5928-2, No.15 
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47 1/2" is ample for & thrust bearing installation. Not only 
will the couplings offer means of disconnecting either main 
engine froin the main shaft in case of breakdown, but also 
they provide some means of separating the propeller excited 
and engine excited vibrations. 

in order to remove the gear casing for inspection or 
maintenance the existing thrust recess overhead must be 
raised approximately 5' 3". Also the former thrust recess 
must be widened to 33' 6" and lengthened to 10' to permit 
installation of the gears. This allows suitable room for the 
lube oil pump and lube oil purifier which are required for 
the gears to be installed in this space. The diameters of 
the gears require a cut out in the engineroom floor for the 
lube oil sump to be located beneath the gears. Lube oil 
storage tanks can be located aft of the gears on either side 
of the line shaft to provide necessary additional lube oil 
capacity. 

7. Two main circulating pumps have been located on each 
Side of the main engines. To keep the bilge injections from 
interfering with the turn of the bilge they must be limited 
in location to 21' off the centerline of the ship. Therefor, 
they were placed at this distance athwartships and forward of 
each main circulating pump to limit the length of piping to 
the pumps. The ballast and general service pump has been 
moved beside the existing fire and bilge pumps to make room 
for the main engines. Three fuel oil service pumps are re- 


quired, two of these pumps can be used continuously with the 
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third as a standby. Four of these pumps до not seem neces- 
sary for this installation since the pumps are rugged, and an 
extra pump would usurp valuable space. However, four main 
feed pumps are required for safety requirements and to pre- 
serve split plant operation, if required. ОР the two exist- 
ing feed pumps, the inboard pump must be moved alongside the 
one outboard to allow for main engine relocation. The two 
new feed pumps are located on the starboard side. An extra 
feed heater is also needed close to the starboard fuel oil 
settling tank. 

In the upper level space has been allowed for four gen- 
erators to give sufficient capacity for the former armament 
installation which required four generators. The Storeroom 
and Workshop on this level has been reduced 4' in width as a 
result of the new machinery installation. 

8. The size of the new line and tail shafting was deter- 
mined using the American Bureau of Ships rules. Allowing 
slight margins, the final dimensions are 15.25" and 17" re- 
spectively. The former shafting was 13.5" for line shaft and 
15 1/4" for the tail shaft. This proposal for new shafting 
will increase the overall cost, but knowing that the existing 
Liberty Ships have had considerable trouble with their shaft- 
ing, a new installation seems to be warranted. Further dis- 
cussion in the choice of size of shaft is included in item 10. 

9. With the increase in shaft size, the bearings must be 
renewed in the line shafting. Also a new stern tube is nec- 


essary since the tail shaft has been increased to 17". Using 
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the American Bureau of Ships rules, the iensth of bearing and 
thickness of shaft liner have been determined. Fig. 11, 
Details of Stern Casting, has been drawn using these dimen- 
Sions as a beginning, and closely approximating the thickness 
of the bushing and bearing strips from those on the existing 
Liberty Ships. The stern casting need not be renewed, but 
can be bored out for the new stern tube. 

10. For the propeller calculations the first trial was 
made assuming an RPM of 120. This assumption was based on 
the fact that by increasing the RPM to this figure, it might 
be possible to retain the existing shafting. From this point 
on, the RPM was decreased to ascertain any gain in efficiency 
until the maximum allowable propeller diameter was reached. 
This showed that a gain in propeller efficiency of 7.5% was 
available by this process. Thus for such a tremendous gain 
in propeller efficiency it was decided that it would be well 
worth while to install new shafting to realize this gain. 
Final choice of propeller is Troost's B 4.55 series, 18! 
diameter, H/D-1.10. 

By using an 18' diameter propeller, three additional 
inches of tip clearance would be allowed over that of the 
existing propellers. This allowance was made because of the 
increase in power delivered to the screw. This factor along 
with the increased diameter of the new shafting may be the 
answer to some of the shafting and propeller problems that 
have existed on these ships. 


11, The preliminary length investigation revealed that 
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a Speed of 15 knots could be obtained wit* the doubled power 
if the bow were lengthened a minimum of 20:. However, by 
comparison to Baker's models of good form * of corresponding 
block soefficient, it was found that for the characteristics 
of the new bow and old stern to be compatible at the in- 
creased speed, a bow length increase of 20'to 30! was indi- 
cated. Thus an increase of 2/' was decided upon and a new 
set of bow lines prepared by fairing into the lines existing 
from Station 3 aft. 

Good practice would indicate a half angle of entrance of 
189 at the designer's load waterline for the assumed pris- 
matic coefficient; however a half angle of entrance of 169 
was chosen to produce a finer entrance. A raked stem with 
cut up was decided upon to improve seaworthiness. With the 
200 raked stem, the waterlines above and below the designer's 
waterline could maintain the chosen half angle of entrance 
making the bow sections V-shape. Cut up from existing frame 
15, 53' 7" from the new forward perpendicular, was used to 
eliminate inaccessible regions, to cut away useless surface 
area, and to provide for better flow. 

The net result of finer entrance, raked bow, and cut up 
is expected to be a higher sustained sea speed with less dan- 
ger of slamming in rough weather. 

12. The changes in displacement and other curves for the 
bow changes are clearly illustrated in Fig. 14. The net re- 
sult of the additional length amounts to an increase in 


* Reference 11, p. 127 
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displacement of approximately 250 tons at she 27' waterline. 

13. Ee coeficientes for she new hvl._ttomm at the 27.15! 
waterline indicate a reduction in Cp from ‚76 to .74 which is 
rather nigh for ships of the desired speed indicating that 
the conversion will be overdriven. This was another reason 
for choosing the finer entrance angle over that indicated by 
good practice. The block coefficient was reduced from .75 to 
.T3 indicating that speed keeping in rough weather has been 
materially aided. The LCB has been changed in such a manner 
that it is almost exactly at the new midship section; this is 
considered a very favorable position for the new speed. 

Other coefficients indicate that the entrance has been length- 
ened as well as fined to aid in attaining the higher speed. 
The stern remains unchanged since it is considered a favor- 
able shape for the increased speed. 

14. The new floodable length curve illustrates that 
neither the lengthening of the machinery space nor the length- 
ening of l Hold jeopardized the one compartment standard. 

15. The profile of the new bow shows the new arrangement. 
The only major difference from the former arrangement is in 
the deep tanks which are now included as fuel oil tanks. 

16. The increase in light displacement from 3390 tons to 
3868 tons is due largely to the additional machinery. Of the 
478 tons added, machinery changes accounted for the follow- 
ing: Boilers 130 tons, Main Engines 140 tons, Shafting 14 
tons, Reduction Gear 12 tons, and Machinery Liquids 45 tons. 


lT. The fuel oil capacity was increased from 1819 tons 
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to 2453 tons to provide for the increased fuel consumption 
resulting from increasing the power. Increases are derived 
from the larger double bottom tank #1, using deep tanks #1 
and #2 for fuel oil, and from the larger settling tanks. 
Some fuel oil capacity was lost by enlargement of the thrust 
recess in #3 Deep Tank to accommodate the reduction gears. 

18. The decrease in grain cubic from 562,608 cu. ft. to 
550,142 cu. ft. and in bale cubic from 499.573 cu. ft. to 
494,446 cu ft. is largely a result of a much shorter #3 Hold. 
Gains were made in #1 Hold, and #1 and #2 Deep Tanks, with 
losses in #3 Hold and #3 Deep Tank. 

19. The final coefficient of EHP bare to SHP at the en- 
gine of .78 was based on the following known and assumed 
quantities: Propeller efficiency = .671 from propeller cal- 
culation; wake fraction = 0.250 and thrust deduction = .085 
from existing Liberty Ship tests; transmission efficiency = 
.99 assumed; relative rotary efficiency = 1.00 assumed; and 
appendage allowance of 4%. 

20. The final EHP and SHP curves were derived from 
Taylor's Standard Series * using the coefficient obtained in 
Item 19 above. They indicate a maximum speed of 15.3 knots 
at 4600 SHP or 2300 SHP per unit; or a service speed based on 
80% of maximum power of 14.5 knots at 3680 SHP or 1840 SHP 
per unit. Since the units are reciprocating engines with a 
large factor of safety, it is assumed that they can be oper- 
ated at or near maximum power for extended periods of time, 


* Reference 13 
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and thus a sustained sveed of 15 knots at 4200 SHP or 2100 
SHP per unit is not an unattainable goal. The boilers in no 
way would be controlling in that each one is capable of sus- 
tained operation at 30% above maximum engine power require- 
ments. 

2l. The range of 17,500 miles at 15.3 knots compares 
favorably with the original maximum range of 20,000 miles at 
12 knots. The fuel consumption of the conversion is 1.25 
barrels per mile at 15.3 knots comparad to .80 barrels per 


mile at 12 knots for the existing ship. 


<8 


V. CONCLUSIONS 

One of the principal factors effecting the overall 
evaluation of this plan cannot be completely discussed at 
this writing. This is the cost involved in the conversion. 
Refined estimates of cost are expected at a later date from 
two reliable firms in the shipbuilding industry, and will be 
included in APPENDIX M if they are received in sufficient 
time. One of these estimates will be based on the consider- 
ation that material for the conversion will be delivered to 
the conversion yard; i.e. that material needed from the 
scrapped ship will be supplied by the government. Further- 
more, that any costs involved in any necessary machinery re- 
conditioning are not included as they are indeterminable, 

To date, two rough estimates have been received from two 
other shipyards based upon a brief description of our pro- 
posal, see letter in APPENDIX M. These estimates are "Two 
Million Dollars, Plus or Minus", and "a very rough estimate 
. . of $1,500,000". In view of these estimates, it is con- 
sidered feasible to attempt such a conversion for improvement 
of the Liberty Ship. 

Mr. Douglas C. MacMillan has proposed a conversion for 
an 18 knot Liberty Ship * by using a completely new power 
plant with lengthening and refining of the bow. It is be- 
lieved that his proposal is designed to make them a competi- 
tive ship for actual Merchant Marine operation since he also 
considers improvements of cargo handling and living quarters. 


*Reference 16 
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It is acknowledged thet the existing Liberty Ships may be 
deficient in living quarters and cargo hanciing, and that 
these items should not go unnoticed; however, our proposal 
was clearly based on a minimum change to the existing ship 
necessary; only to make it capable of higher speeds. 

One distinct advantage of our proposal of 15 knots over 
that of 18 knots would be in the homogeneity of the reserve 
fleet. With the 13 knot conversion operating in company with 
Victory Ships they would have to reduce speed to 15 or 16 
knots when in convoy; clearly the added expense of converting 
to 18 knots would be entirely wasted in this case. Thus by 
converting only to the 15 knot range, as in our proposal, the 
entire reserve fleet of Victory and Liberty Ships would be 
placed nearly on an equal level with no ship having to sacri- 
fice much in available speed to maintain convoy operations. 
The role of 18 knot ships should be left for new ships with a 
full service life ahead. 

Even though no refined cost estimate has been received, 
it is felt that this proposal represents the least expensive 
conversion cost for producing a faster Liberty Ship. A mini- 
mum of new material is needed, and the greatest cost would be 
in labor of the type and scope that would be required for any 
rational conversion to achieve the same goal of 15 knots. 

The alternative, eliminating this proposal's cost of 
reduction gear and new shafting by going to twin screw with 
existing shafting, was vetoed early in the investigation for 


two reasons. First, some of the gain in horsepower would be 
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offset by a reduced propulsive coefficient. The overall 
efficiency of a twin screw plant is always considerably less 
than that of a properly desizned single screw installation 
unless the choice of propeller diameter for the installed 
horsepower is severely limited. Secondly, the cost of the 
major internal and external changes required for running био 
new shaft lines with elimination of the existing shaft line 
were considered not much less than the cost of reduction 
gears and new shafting. Thus the overall balance showed 
desirability for maintaining single screw propulsion, and to 
this end considerable attention was given to placing the two 
main engines as close as possible for making the reduction 
gears a reasonable size. The method by which this is done is 
considered unique and came about after many unsuccessful 
schemes were tried. 

The need for a new and longer bow should be clearly evi- 
dent by this time. The resistance of the existing hull forn 
is not only prohibitive of higher speeds, but also, if they 
were attained prohibits their being maintained in any sea 
conditicns other than the most favorable. Thus the new bow 
was designed to ease the attainment of the higher speed, and 
also to aid in maintaining that speed under adverse sea con- 
ditions. ТР the doubled power were installed in the existing 
Liberty hull form, a maximum speed of approximately 14.5 
knots could be attained. With the new hull form and doubled 
power, 15.3 knots can be attained. Thus the gain in speed 


for the new hull form is approximately 3/4 knot over the 
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existing hull form. 

The amount by which Hold #3 was shortened leaves some 
doubt as to its utility after conversion, This is the only 
place in which the dry cargo capacity may have been Jeopar- 
dized, if this hold is considered too short for proper cargo 
handling and stowage, it could be converted into a deep tank 
for carrying liquid cargo, or else made into a refrigerated 
cargo Space. 

The excessive fuel consumption of the existing Liberties 
was one attribute by which they were deemed unfit for com- 
petitive merchant ship operation. Since this conversion em- 
bodies the use of two of these fuel consuming plants, it can 
reasonably be understood that this conversion was in no way 
designed to place the ship in competition with operating mer- 
chant fleets. It must be definitely understood that the whole 
purpose was to devise a plan for conversion that would pro- 
vide the least drain of material and expense to prevent the 
present Liberties from being "sitting ducks" in the event of 
any future conflict. 

If they were to be converted for merchant fleet competi- 
tion a scheme of the type employing only installation of Fiat 
diesels which is now being done in Italy * is suggested. 
However, the domestic cost of machinery and labor involved 
would probably prohibit such an installation. 

A check of hull strength # showed that the existing 


* Reference 15 
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Liberties have sufficient strength to meet requirements for 
the designed draft of 27.15'. However, in view of the many 
hull fractures in this class ship, approved methods of flat 
bar stiffening of the decks employing use of crack arrestors 
Should be fitted to those vessels on Which this alteration 
has not been accomplished. 

The final conclusion would be that our plan is a pos- 
sible means of conversion to increase the speed to approxi- 


mately 15 knots at a minimum of cost. 


2 








Vi. RECOMMENDATIONS 

The first and foremost recommendation would be that a 
model test, including self propulsion tests, be made of the 
new hull form to check conclusively the approximations and 
calculations made in this proposal before any attempt is made 
to try this plan in actuality. Also, in light of the fact 
that this report is considered more of a preliminary design 
evaluation, in many instances pefore undertaking the proced- 
ures outlined, more investigations should be made for further 
checks of the results listed. Such items in this category 
would be the reduction gear and shafting; more complete 
vibration analysis of the propulsive system to aid in design- 
ing flexible couplings and/or vibration dampers; and detailed 
plans for construction of the new bow. Piping arrangements 
for the new machinery locations, control and support of the 
main engines, and boller foundations are also suggested for 


further investigation for completion of a contract design. 


Us 
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APPENDIX A 
PROPELLER SELECTION 

Screw series, B 4.55, is chosen for its better cavita- 
tion characteristics and its apparent freedom from singing. 
A large blade area ratio, Fa/F = 0.55, is selected with the 
expectation that the blades will be highly loaded.* 

Since the driving power of the ship is doubled, 
IHP = 5,000, it is necessary, first, to determine the re- 
quired revolutions per minute, if the existing shafting is to 
be used. 

From American Bureau of Shipping rules**, the required 
revolutions per minute for the existing shaftung with the new 


increase in power is given by: 


p = C 3 fi SHP/N 


D= diameter of line shaft, inches = 13.5 in. existing. 


where 


C= 1 for line shafting 

Kı= 64, a factor for ocean service 

IHP= indicated horsepower = 5,000 

SHP= shaft horsepower = 0.92 IHP# = 4600 


therefore N- C2 K, SHP/ D° = 1 x 64 x 4600 = 120 RPM 
(13.5) 


* Reference 1, p. 198 
** Reference 2, p. 130 
#- Reference 3, p. 40 
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The following factors are needed prio» to entering into 
the propeller charts:* 

w = wake fraction 

Vs= ship's speed, knots 

ҮС = intake velocity for the screw, knots 

Cp= block coefficient 

Bp= screw loading coefficient 

P = power absorbed by the screw (in hp. of 76 Kgm/sec.) 
From Taylor's equation for wake fraction, w, is; 

= -0.05 + 0.50 Cp = -0.05 + 0.50(0.73) 

w= 0.315 

From existing Liberty Ships 7, w-0.25 at 14 knots. This 
latter wake fraction will be used, since it is more realistic. 
Assuming shaft friction loss to be approximately 4%, so that 
power delivered to the screw is: 

P= 0.96 x 4600 = 4420 DHP 

P(corrected for metric system) = 75(4420)/76 = 4360 
In the Bp formula, however, the power in fresh water should 
be used, so that finally P= 4360/ 1.025 = 4260, 
Decreasing the revolutions per minute 2% due to scale effect, 
N becomes 0.98 x 120 = 118 RPM (approximately 2 RPM less). 
The intake velocity for the screw is: 

Va=Vs(1 - w) = 15(1 - 0.25) = 15 x 0.75 = 11.25 Knots 
Now Bp = N x PO-5 / vg-5 = 118 x \/4260/ (11.25)*-? 

Вр = 15.1 
* Reference 1 p. 207 
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Entering the propeller chart for Screw series B.4.55 

S= 167 = Nx D / V4 velocity coefficient 

D = propeller diameter in feet 

The velocity coefficient should be diminished by a cer- 
tain percentage which is related to the shape of the after 
body*. Deduction is assumed to be 5%. 

Š = 0.95 C= 0.95 x 167 = 158.5 

H/D = 0.97 pitch ratio where H = face pitch 


Np 


D = Š x Va /N = 159875 x 11.95 / 118 «157 £O. 


corrected vel. coeff. 


62.5% propeller efficiency 


Since the propeller diameter is too small as compared to 
that existing on the Liberty Ships (18' 6"), a larger pro- 
peller is required. One proposal is suggested to meet this 
demand. By decreasing the required shaft RPM sufficiently, 
a propeller approximately the same size as the present pro- 
peller may be found. 

Using the relationship for the new Bp 8, 

Bp = Nnew x 18.1 / 118 
and the given information, the following characteristics may 
be determined from the propeller chart for each trial of N. 

Trial N Neorr Вр 5 $ HD Np D 


3 100 98 15.0 151 143.3 1.07 650 15.5: 
2 85 83 12.73 140 133 1.30 67.1. 18.0: 


No further reduction in RPM is considered since the diameter 
of the propeller would become too large. Also, a slightly 


larger tip clearance is provided over that for the existing 
ropeller. 
ATZE l, p.235 
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The gain in horse power over that for N= 120 RPM is: 
(.671 - .625)/.625 = „0737 or approximately 7.5% gain. 
CAVITATION CHECK FOR PROPELLER 
The following factors are known: 

ИС... .. . o o Te 27.15 PS. x .20N98 = Ó eb m. 

Height of center of shaft above base 

E- 10.83 ' x .3048 - 3,30 m. 


T- E- 2,95 m. 
Nsséwabicht . .. . . . . ;WDW......,. OTA B. 


Wave head above center of shaft . . . . . 5.723 m. 


Hydrostatic pressure in sea water 
(5.723 x 1025) . . . = 5870 Kg/m@ 


(Atmospheric pressure - vapor pressure, e) -10100 Kg/m® 


(Static pressure at center of 
screw shaft - e) = (Po - €). . . . . . . =15,970 Kg/m2 


Intake velocity ve = 15(1-0.25) x 0.5144 = 5.78 m/sec. 
Hence, the cavitation number becomes: 
O, =Po- € = 15970/ (.5 x 104.5 x 5.782) = 9.15 
1/2 P ve 
Where 9 - density of fluid, Kgm-"sec? = 104.5 
Assuming бше - 1.085 relative rotary efficiency of the screw 
N ps “Np X ja" o behind the ship 
Nps 9 0.671 x 1.085 = -04689- 
The thrust, S, may be calculated from the power intake 


velocity: 2 
ο. 6 7ί 
8 = DHP x 75 x Nos = 4420 x 75 x 0,689 = 39,500 Kgs. 
5.78 


Ve 
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According to the chart for cavitation limits* 


S/F 
Poe < 0.39 Ratio of thrust per unit of projected biade 


area to the static pressure above the center 
of the screw shaft. 


S = 0.39 x 38,500 = 15,000 kg/m? 
Fo 
Hence Fp = 39,500 = 2.66 m? Minimum projected blade area 
15,000 below which cavitation occurs. 


For the screw series chosen, F,/F = 0.55, Ratio of expanded 

blade area to disc area of the screw. 

Diameter - 18! x 0.3048 = 5.49 m. H/D = 1.10 

Fp/Fa = 1.067 - 0.229 H/D Taylor's equation for ratio of 
projected blade area to the 
expanded blade area. 

Ер = 0.55 x (1/4) x (5.490)2 [1.067 - 0.229 x 1.10] 

Fp = 10.6 m? for F¿/F = 0.55 

Therefor no cavitation is expected for the propeller 
chosen. 

By Eggert's method? another cavitation check can be 
made. It is possible by this method to determine the revolu- 
tion per second at which the loss of thrust due to cavitation 
begins. The formula is: 


к (т па)? = 30.7 h 1 + 4b or 
ы o + Ç 


nê = 1@.7 h_ x 1 + Hb шере: 
Emr ae Kt 


n = the revolutions per second at which loss of thrust 
begins. 
а = the screw diameter at 0.9 radius, R; d = 0.9D 


Reference l p. 186 
#Reference 1 p. 180 


-50- 





h = the total head, in feet of water, above the screw 
axis (being the sum of the water nead and the atmos- 
pheric head, the latter being equal to 33 feet of 
sea water) 

b = Ind = the mean blade-element le:isth ratio 


m= 236 angle of attack at 0.9R =a S 
Dirk 


C = S/Q = the blade-thickness ratio at 0.9R 
k=1+ Ë mm 5 09 where: 


a = the pitch ratio at 0.9R = H/(0.9D) 
ὃ = the slip ratio at. 0.9R = 1l _ Ve 
ан 


water head = 5.723 x 1025 = 5870 kg/m? - 19.25 ft.of water 


e PEN. ce. ENS 33.00 ft.of water 
Total head = 52.25 ft.of water 


atmospheric head 


k= 1+ a (1 - Αη) 
we 
WD = 1.10 H = 1.10 x 5.49 = 6.04 ш. 
а = 1.10/0.9 = 1.22 
S, =1-Ve_=1- 5.78x60 = 0.325 
n H 05 x 6.04 
к = 1 (1.22)? ( 1 -.162)? - 1 « (.151) (.702)? = 1.106 


3.147 
а = 0.9 x 18 = 16.2 ft. 


= (н/о = 0.259 assuming d T = .167 boss diameter 
ratio. 


c= 8а Sy = 1,20 x 0.325 = .0569 
Oak DE 3.14 x 1.106 


off x sN at 0.9 R { = chord length; s = blade thickness; 
4 blades; D = 5.49 m. 


рах 85 0.68 = 0.2187 D = 1,20 m. 
N at 0.9R = 0.72 (их = 0.8651. 


* Reference 1 p. 177 
κ ΗΕ l p. 204 
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Smax = 0.045 D = .247 πι, 
с/р аб 0.9R = ,0072 


5 = .0395 
c = 8/9 = .0395/.865 = „0457 
n? = 10.7 x 52.25 x 1 + (0.259 - 
2 2 ¿0509 + . 
05 (3, х (16.2) 
nê = 


.195 x 2.036 = 3.86 
2026 


п = \f3.86 = 1.97 rev. per sec. - 118 rpm 


Since the maximum revolutions per minute for the propel- 


ler chosen is to be only 85 rpm; it is not expected that the 


propeller will cavitate. 


this 


Lerb's method is not used since the characteristics of 
screw lie outside the range examined by him. 

The characteristics of the propeller selected are: 
Troost's B. 4.55 series 

Diameter - 18! 

Pitch/Diameter, H/D = 1.10 

Ratio of expanded blade area to disc area, F./F = 0,55 
Propeller efficiency, Np = 67.1% | 

Designed RPM = 85 

Screw loading coefficient at designed conditions, 


(A, = 12.73 


COEFFICIENT FOR PROPULSION 


To calculate the coefficient EHPhare/SEPongine the fol- 


lowing known and assumed quantities were used: 


„ser 
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b thrust deduction = .085 from existing Liberty Ship 


wake fraction = 0,25 from existing Liberty Ship 


W 

epp = 1.00 assumed relative rotary efficiency 

ez = .99 assumed transmission efficiency 

ep = .671 ealeulated propeller efficiency 
Appendage allowance = 4% assumed. 

The following relations are used in determining this 

coefficient: 


Propulsive coefficient = ENP = e, X ep X epp where 
PHP 


Бато: > 1 
lx Y G aG 


e 


SHPengine x e, = PHP and EHP = 1.04 EHPpare 
Therefor EHPpare - & X ерх еру х ер 
με CN 


= 1.22 х 61410 .99 . m8 
ee Ша 


* Reference 4 
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APPENDIX B 
SHAFTING AND STERN TUBE SIZE ESTIMATION 


LINE SHAFT 

Since the proposed shaft RPM is 85 for 76 RPM of the 
main engines, the existing shafting will not be adequate. 
From the line shaft formula" the least diameter shaft will 


have to be: 


3 3 
B = Ç K x SHP = 1 y /64 x 4600 = 15.1 inches 
v N 85 


On this basis 15.25 inches is selected for line shaft 


diameter. 


TAIL SHAFT 
The least tail shaft diameter is determined by the fol- 
lowing formula : 
T «d + Р/С where; 
Т = diameter of tail shaft in inches 


diameter of line shaft in inches 


d 
P diameter of propeller in feet 
C 


19 when the shaft is fitted with a continuous 
liner. 


Т = 15.25 + 18.0/12 = 16.75 inches (least diameter) 


T = 17.0 inches assumed. 


* Reference 2 p. 130 
# Reference 2 p. 127 
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LINER THICKNESS 

The existing liner thickness for 15 1/4" diameter tall 
shaft is approximately 25/32" = 0.781" 

To calculate the new liner thickness American Bureau of 
Ships! pules”are used. The least thickness of liners in way 
of bearings fitted to the tailshaft of ocean going vessels is 
as follows: 

t = 7/25 + 0.20 where: 

t = thickness of liner, inches 


T 


il 


required diameter of tailshaft, inches 

t - 17/25 + 0.20 = 0.88 inches 

The thickness of continuous liners between bearings 
should not be less than 3/4 of the thickness t, determined 
above: 

tmin. = 0.75 x 0.88 = 0.66 inches 

A liner of 7/8 inches (0.875 in.) from above considera- 
tions seems adequate for the new tail shaft diameter. 

The length of the bearing next to and supporting the 
propeller should not be less than 4 times the required tail 
shaft diameter”: 

Ë= H x 17 = 68 inches = 5! 8" 

In selecting the proposed stern tube dimensions, a 


clearance of 1/16" has been allowed for clearance between 


liners and lignum vitae”. 


* Reference 2 p. 127 
** Reference 2 pp. 263, 264 
F Reference 6 p. 43 - 48 
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ESTIMATION OF TORSIONAL CRITICAL 


Weight of propeller = 23,500 lbs. (assumed from existing 
propeller on Liberty Ship). 


Diameter = 18! 
aadius of gyration of propeller* - 0.2] x 18 = 3.70' 
The approximate moment of inertia, Lp» of the propeller 


equals: 


23,500 x (3.78)? = 10,420 ft.-1b.sec.? 
42.2 


The value for I, for a solid steel shaft can be deter- 


mined from the following expression”; 


I = 6х10-6 L p+ ft. 10. sec.? (the weight per cubic 
inch of steel has been 
incorporated) 

Ig = бх10-6 (12 х 148.7) (15.25)! (Dimensions in inches) 


yg sU579-ft.- Jb. se@.2 

The shaft length for this case is an equivalent length 
of shafting of 15.25" diameter. To simplify the work it has 
been assumed that the new shafting of 154.8! is made up of 
two Sizes; i.e. 137.5' of 15,25" diameter, and 17.3' of 17" 
diameter, 

In terms of equivalent of 15.25" shafting: 

L = 137.5 + 17.3 (15.25/17)4 

L = 148.7' 


* Reference 7 p. 293 
i Reference 3 p. 55 
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By approximation the total moment of inertia of the com- 
bination is: 


er eS *e F/3*-"T965 х 107480". 579/3 ws 
Т = 13,243 ft.-1b. sec.2 


The stiffness constant can be determined from the fol- 


lowing :* 
к = Л (0)4 x 12 x 10° =- 98,500 рї . 
ΠΡΟ τν а ДЕ Q e -lb ° /radians 
К = 


98,500 x (15,25)! - 2.99 x 100 
x AU 


The period is: 


νο] УТ = 2 IT \/(13,243)/(2.99 x 10°) 
T = 0.42 secs. 


or the frequency f = 1/0.42 = 2.38 cycles/sec. This 
corresponds to 2.38 x 60 = 143 cycles/min. torsional vibra- 
tion frequency. 

Disturbances due to blade frequency, since a four- 
bladed propeller has been selected, would occur at 143/4 s 
35.7 shaft rpm. Since the full power RPM of the shaft occurs 
at 85 rpm, it is assumed that there would not be enough en- 
ergy due to blade action to cause any trouble since the tor- 


Sional frequency occurs very low in the power range. 


* Reference 3 p. 49 
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ESTIMATION OF HULL CRITICAL 
The two-noded vertical frequency of a ship can be 


approximated by the followings” 


N = Ç L where 
VD 12 


N = vibrations per minute 


D = the displacement or weight in tons 
= 14,175 tons at draft - 27,15! 


L = length of ship, feet = 440! 


I = moment of inertia of the midship section in 
Гс.2іп.2 = 448,000 ft.?in.? from APPENDIX H 


С = 1.39 x 102 for a free-free bar of uniform 
cross-section, 


М = 1.39 х 102 Р 
(14,175) (440)3 


1.39 x 102 x .610 x 1073 


2 
и 


85 vibrations per minute 


Using the average value "best for all types" of the Schlick 
coefficient, C, equal to 1.32 x 102 


N = 80 vibrations per minute 


This estimated hull critical occurs at or very close to 
full speed operating RPM. Since the effect of butt strap 
stiffening was not accounted for in the inertia of the mid- 
ship section, the value of the hull critical may be raised 


enough to eliminate vibration difficulties. 


# Reference 27 p. 2 
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However, since these vibration critical values are ap- 
proximate to + 5%, the hull critical may be outside the speed 
range, or equally so, it may occur very close to full speed 
condition. In view of the fact that this critical varies not 
only with the depth of water in which operating, but also 
with the speed of operation and loading conditions; under 
some circumstances no difficulty may be encountered. Since 
this critical is estimated to occur at the extreme upper 
limit of speed and at maximum displacement, reduction in 
either one of these factors would alleviate the situation, 

It can be concluded that if vibration difficulties exist 
at or near full speed, they will probably be due to the hull 
critical. 


-59- 










ho — a ж = ἀ.. =» з. — s. T 
=. m = = í ος &© 
Каі ко за" е “ie  — кк» «к ы s< 


4... ay dim ελα -— e в... JEA EE Қ 





... "m و‎ κ“ - 5a-— J 


APPENDIX C 


REDUCTION GEAR DESIGN 


Since the absolute minimum distance between the 
lines of the two reciprocating engines is 13', it is 


that large size gears are necessary to attain single 


TION. 


The two gears on each engine must be the same 


center- 
apparent 
reduc- 


size 


since each main engine is exactly 6! 6" from the shaft cen- 


terline. 
than those on each engine. The 
designed shaft RPM is 85. 
The diameter of respective 
follows: 
Let ri = radius of gear on 
Го = radius of gear on 
then rj * ro = 6' 6" = 78" 
and rı/ro = 76/85 
ro = 85/76 


therefor гу + 


mm = №18 


36484 
41.2" 


Pj = 


D. = 
To = De = 


A loading factor’, K = 67, 


mended value for merchant ships 


continuous full power. 


#= Reference 7 p. 242 


The gear on the shaft will necessarily be smaller 


engine speed is 76 RPM; 


gears can be determined as 


shaft, inches 


either engine, inches 


= 


1.12 Г] = 2. Ye Г] = Te" 


diameter of pinion = 73.6" 
diameter of gear = 82.4" | 
is assumed which is & recom- 


operating more or less at 


ES 


к мл т > 






= тие ж 
-— 1 am 
т”. ey 
e э ж 
< ν Ж πια ë — gan, j 
іі шш - a "NI —— = ale 








The diameter of the gear in terms of the known quanti- 


ties is as follows :* 


De = 3 / 126,050 , SHE 1 т 
g L/D), Ky m RPM, x Ro (Ro + 1) where 





(2/0) = length to diameter ratio of pinion 


RPM, = revolutions per minute of the gear - 85 
Ro = ratio, diameter of gear/diameter of pinion = 
85/76 = 1,12 


K, = loading factor, assumed = 67 
SHP = shaft horse power per mesh = 2300 
Solving for (1/0), 


(L/D), = 120,050 x'2300 ж 1 і De 
δῚ СОД (82.4) 


(L/D),, = 0,242 
The length of the gear face can be determined from: 

L = (L/D), x DS /R = 0,242 x 82.4/1.12 = 17.8" (K=67) 
er if: 

K = 100 (L/D)p = 0.179 L = 13.15" 

K = 50 (L/D)p = 0.325 L = 23.9" 


For the actual arrangement the length, L, was Selected 


as 24", which approximates a loading factor of 50. This was 
assumed so that the gears would take as much room as possible 
in this preliminary design. Any need for space which may be 
necessary for other functions could come from a shorter 

length dimension necessary for the gears. Approximately 6" 
decrease in length of the gears can be realized by an increase 
in the loading factor to 67. 

% Reference 7 p. 241 
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In order to determine the bearing sizes, the following 
information is necessary: 
Estimation of weight of gears: 
L = face width, inches = 26" 
Diameter = 82.4" 


Weightpear = coeff. x L x (Diameter)? A suitable coeff- 
icient for low 


= 038 хех (82,4)2 Speed gears, not 
/ including shafts, 
- 6,700 lbs. is .038 


Weight „art = Density x volume = 390 x ae x 4.75 


2055 lbs. 


Weightiotai = We + Ws = 8755 lbs. ғар іы for 


Estimation of weight of pinion: 
Diameter = 73.6" = Dp 


Weightyinion = Weight gear ( 2) 
8 


6,700 (3) 2 
82.4 


= 5,350 lbs. 
D "NE 
Weight, ¿ne shaft * Weight „art ( line —— 
Dshaft 
- 2055 (15.2 e 
==) 
= 2360 


7710 lbs. (pinion and line shaft) 


862% 
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Assuming à pressure angle of 159 - O 





P-W/cos6 - 126,050 X SUP гг ге 
cos 6 AFM De. 
8 Б 
Р = total load on gears, lbs. 
ος = transmitted or tangential load on the gear 
teeth, lbs. 
P = 


126,050 X 2300 , 1 = 48,000 lbs. 
сов 150 ТО 7 82.4 

From Fig. 5, the maximum reaction force, R, is 56, 700 lbs. 
By making the length of each bearing 15" and assuming 14.25" 
diameter shafting, the bearing pressure is: 

P = R/A = 56,700/(30 x 14.25) = 133 psi/bearing 

Since a generous coefficient was selected to determine 
the weight of the gears, the size of bearings and bearing 
pressures seems to be ample for the design. 

From Fig. 5 for this arrangement of gears, the loads on 
the pinion cancel for ahead and astern operations. In case 
of one unit emergency operation these loads do not cancel, 
but only one is active, and less than the load on.the gear, 
The same size bearing has been assumed for the pinion thus 


providing ample strength and support. 
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APPENDIX D 
PRELIMINARY LENGTH INVESTIGATION 

For the preliminary length investigation, the existing 
Liberty Ship sectional area curve was stretched out at the 
forwará end, and calculations made from the area curves thus 
obtalned for the necessary coefficients to perform EHP calcu- 
lations by Taylor's Standard Series.” The sectional area 
curves are illustrated in Fig. 106. These calculations are ; 
Shown for all preliminary alterations on the following cal- 
culation sheets. 

Plots of resistance coefficients and EHP versus speed 
obtained from Taylor's Standard Series are illustrated in 
Fig. 17 and Fig. 18. The calculation sheets for these val- 
ues are not shown since they arse strictly interpolations for 
the preliminary investigation and not for the final results. 
Sample calculations for this process are illustrated in 
APPENDIX E for the final hull form. 

Assuming a propulsive coefficient of .75 and SHP of 4400 
for full speed, the corresponding value of EHP is 3300. 

Using this value to enter Fig. 18, the following speeds can 


be attained: 


Liberty Ship (length = 416'). . . . . 14.3 knots 
Alteration #1 (10' added 2. 5.5. PT note 
Alteration #2 (20' added). . . . . . . 14.9 knots 
Alteration 73 (30' added . . . 15.1 denote 
Alteration #4 (40' added 15.2 knots 


* Reference 13 
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Thus it is assumed that a speed of 15 knots could be attained 
with an additional length of 20' to 30'. The additional 
length of 24! was selected for attainment of the 15 knot goal 


making the new length between perpendiculars 440'. 
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ALTERATION #1 COEFFICIENTS AND CHARACTERISTICS 


STA A/Ay SM Р(А) y f (LM) 
О О 1 Q +10 + 0 
il .215 д .860 + y + 7.738 
2 ‚275 2 . 950 + 8 + 7.600 
3 . (53 à 3.012 ғ % «21.084 
Д .900 2 1.800 + б +10.800 
5 „963 4 3.852 +5 +19.260 
6 .990 2 1.980 5 + 7.920 
$ .998 4 3.992 +3 +11.976 
8 1.000 2 2.000 + 2 + 4,000 
9 1.000 4 4.000 »; + 4.000 
10 1.000 2 2.000 О +94. 330 
11 .998 lj 3.992 е 1 2 3.9925 
12 .995 2 1.990 = q - 3.980 
13 .985 H 3.940 κα, 3 -11.820 
14 .955 2 1.99 - - 7.649 
15 887 4 3.548 e 5 -17.740 
16 .T69 2 1.538 = б - 9.228 
17 .606 Y 2.424 - $ -16.968 
18 400 2 .800 - $ - 6.400 
19 „170 4 .680 - 8 - 6.120 
20 .020 1 .020 -10 .200 
Sf(A) 45.288 -84 .088 
= f(LM) +10.292 
Length = 426.4! S = 21.32! -- B = 56.9! 


e.a са! = 0.755 L.C.B. = =f(LM) x S - +10.292 х 21.32 
y E 45.288 ч 


L.C.B. = 4.85 ft. Fwd. м 


Д = З2Р(А) х Ах = 21.32(45.288)(1522) = 13,996 tons 
3 X 35 3x 





Vs Ax 35 = 188,810 cu. ft. = ү 
= У = .742 
L B H 
G. = ¥ 62 2907 
Total Length L. ent. Middle body L. run 
426! 41.5% 9.7% 48.8% 
Вы» = .715 (existing) Сре = .744 (calculated) 


E 


| 
| 








ALTERATION #2 COEFFICIENTS AND CHARACTERISTICS 





STA А/А; SM f(A) y £ (1M) 
О О 1 О +10 + O 
1 .193 Y „ТР - 5 + 6.948 
2 . 115 2 . 824 + 8 « 6.592 
3 „663 4 2,652 = Ш „18.56 
Y „852 2 1.704 + 6 +10.224 
5 .950 Y 3.800 +5 +19.000 
6 ‚986 2 1.972 + Y + 7.888 
T 997 4 3.988 + 3 411.964 
8 .999 2 1.998 е + 3.996 
9 1.000 4 4.000 а + 4.000 
10 1.000 2 2.000 O 189.21 
TI „999 4 3.996 - Y - Ὃν 
19 .995 2 1.990 5 2 - 3.980 
13 .988 4 3.952 - $ -11.856 
14 .960 2 1.920 - E -. 7.699 
15 . 898 4 3.598 = -17.960 
16 ‚783 2 1.566 - 6 - 9.396 
17 „бї 4 2.468 = Т -17.276 
18 .405 2 „810 = - 6.480 
19 ‚175 4 „700 - $ - 6.300 
20 ‚020 1 ‚020 -10 - .200 
ЎР (А) 44.724 -85.124 
=f (LM) + 4.086 
Ls 436.8 $ s 21885: Н - 27.15! B = 56.9! 
№ = Z (A) - .7Bh5 LC®. - E (uds . 1499 $ 
p O E 
A=Sx Ef(A)x Ax = 14,152 tons 
3 28 35 
J= A x 35 = 495,320 cu. ft. 
Съ = SÍ το. 
ВН 
Cy = V = 5.93 x 1073 
13 
Total Length L. ent. Middle body L. run 
436 ! 42.8% 9.6% 47 .6% 
Cor = -715 (existing) Cpe - «123 (calculated) 
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ALTERATION #3 COEFFICIENTS AND CHARACTERISTICS 


STA A / A. SM f(A) 7 f (LM) 
O O 1 O +10 О 
T .157 Y .628 + 9 + 5.652 
2 «3305 2 . (10 + З + 5.680 
3 „589 4 2.356 70 «16.492 
4 ‚790 2 1.580 „ @ + 9.480 
5 „925 4 3.700 + 5 +18 .500 
6 .978 2 1.956 + 4 + 7.824 
T .994 4 3.976 к 3 +11 .928 
8 .999 2 1.998 + 2 + 3.996 
9 1.000 4 4.000 + + 4.000 
10 1.000 2 2.000 0 +83. 
11 1.000 Y 4.000 = αν 
12 „997 2 1.994 =. 2 - 3.988 
13 .990 4 3.960 ed -11.880 
14 .967 2 1.934 - 4 - 7.730 
15 .907 4 3.628 - 5 -18,140 
16 .796 2 1.592 - 5 - 9.552 
1 „629 q 2.516 - E -17.612 
1 416 2 „832 - 8 - 6.656 
19 ‚181 4 ‚724 - 9 - 6.516 
20 .020 1 . 020 -10 - .200 
=f (A) 44.104 -86 .280 
=f (LM) - 2.728 
І, = 447,2! S = 22.36! H = 27.15! B = 56.9! 
C = = f A = 35 L.C B, = =f LM) XS = 1.38! Aft % 
p A eg 
А-8х 5 Ғ(ГА) ХА) - 14,295 tons 
5 x 5D 
Z= A x 35 = 500,325 ch. Tt. 
Ch = Y = .724 
E UN .5.58 & 19-2 
"s 
Total Length L. ent. Middle body L. run 
446 ! 44,1% 9,4% 16.5% 
Cor = -715 (existing) Сре = -700 (calculated) 


^ 
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ALTERATION #4 COEFFICIENTS AND CHARACTERISTICS 


STA A/Ax SM £(A) y f (LM) 
0 О 1 О +10 + О 
1 .138 Y „552 + 9 + 4,968 
2 .319 2 638 + 8 + 5.104 
3 „529 Y E. arl rz «14.812 
4 .(30 2 1.460 +6 + 8.760 
5 „889 4 Εν’; + 5 «17.780 
6 „967 8... 1.93} + 4 78738 
T .992 Y 3.968 ы +11.904 
8 „998 2 1.996 + 2 + 3.992 
9 1.000 4 4.000 + 1 + 4,000 
10 1.000 2 2.000 О +79.056 
va 1.000 Y 4.000 - 1 - 1,000 
12 .997 2 1.994 - 8 - 3.988 
13 .991 Y 3.964 - 3 -11.892 
14 .972 2 1.944 - 4 - 7.776 
15 „016 Y 3.664 - -18.320 
16 .808 2 1.616 - 6 - 9,696 
Tui .642 4 2.568 - 7 -17.976 
18 .427 2 854 - 8 - 6,832 
19 ‚185 Y 140 - 9 - 6.660 
20 020 1 . 020 -10 - 900 
E f(A) 43.584 -87 .340 
> Ғ(ім) - 8.28! 
L = 457.6! S = 22.88! H * 27.151 B = 56.9! 


Ср - ЕЕ(А) - 


A= 5 х = f(A) x Ax 
ee πο 


J= A x35 = 505,925 cu. ft. 


Cb = Vv = .716 
CBE 


B 


Cy = v = 5.29 X 


Total Length 
456 ! 


Ge - .715 (existing 


рт ` 


1078 


L. ent. 
45,4% 
) 


Middle body 


9.2% 


Сре = .684 (calculated) 
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- 14,455 tons 


L. run 


45.4% 








- 
2 





| 
| 


‘j 


e ا‎ - -- ae 


A TARA A 


' e a a í w ''' ΠΤ 
- 
. 
á 
) 
4 
\ 
| 


* 
į 


+ куд E 


> = ie 





APPENDIX E 

CONVERSION COEFFICIENTS, EHP, AND SHP DETERMINATION 

The calculations in this section are based on the new 
length of 440' and 20 new stations from the existing AP for- 
Ward. By using the existing Liberty Ship sectional area 
curve aft of existing station 3, the sectional areas at the 
new stations in this region can be determined. For the new 
bow starting from existing station 3 forward, the sectional 
areas for the new forward stations are calculated from the 
new bow form. This was done by Simpson's Rule and checked by 
planimeter. Thus a revised sectional area curve is determined 
as illustrated in Fig. 16. 

From this revised sectional area curve, the necessary 
coefficients for EHP determination by Taylor's Standard Ser- 
ies* are obtained and the calculations made. Some of the 
other coefficients are also included to show the relative 
changes in the bow and stern due only to the new bow. 

The propulsion coefficient, EHPpare’ SHPengine = .78, 
as determined in APPENDIX A is used with the EHPp ang ceter- 
mined from Taylor's Standard Series to obtain SHPengine- 


Plots of PH Phare and SHP versus speed are illustrated 


engine 
in Fig. 19. 


* Reference 13 


- 


259 


I |! 


° ¡ee - - -- =- > ~h A 
- T -. 4! © I Jd = 

















= - - i «παν. - — Y «€ к. % т 
- ("o ZL- UM * ! 49919 A al Wi 
- a. - c — «е» > = ασ т жа 


e а 4 И М М Ш Ш № e- s.p 











- τ — ‘(°° = т. аша 
OD $: Ms ғ ж-а мк $ ww >“ 
ΓΝ икен "а uu х= и "e —— шеш — ғ.” 
ши а оо ша Е "wc . - < A 
= Ра 
“ф- —À --с ж» -- ax له‎ 
ιβ ο ο ων Е ο 
ғ eu í — goce T mum өн» о әш) 
хх г. — mh aM = = α«Ὑγκα" 
” ығ „ш к” “87 4 DA 
— »s C Ñ з ada و‎ 
I — =~ 2м шк а! ‘i "--- am 
— MN κο ρω, - 
-- - - «ка > = 





CONVERSION AREA DETERMINATION 
STATIONS 
LAR 1 2 3 


a το aa la = rms De. 
WL. S.M., H.B. f(A) H.B. ҒТА Κ.Β. fA) ES εί) 








0 1⁄2 О О «63 .32 263 ¿38 463 oe 
13' 2 О О 92 1.64 3,60 Τ.Ε 82 16.4 
Е! 5 .38°1.5 E 6.50 35.75 10 i 
G'E 4 50 2.00 2.3 92% 8.96 32.0 πι Шов 
ON 2 (5 1.50 3.2 6.40 10.00 20.0 17.2 34.4 
us % 1.25 6200 4.1 160 11.50 46.0 17. м. 
1517 2 1:58, 3.16 4.8 9.60 12.60 25.2 288 1 
16:7 4 2.00 8.00 5.4 21.60 13.70 54.8 20.9 63.6 
21' 2 240, 4.80 6.1 12.00 14.59 29.0 2715 35% 
24' 4 2.75 11.00 6.6 26.40 15.20 60.8 22.1 88.4 
Ш" 1 3025 3.25 7.1 ται 1549 156 E T> 
Summation =A/2 40.09 Тас οὐ 300.87 496.32 
Sect .Area,sq.ft=80.18 226 .62 601.74 992.64 
A/Ax = A/1522 953 . 149 .395 ‚653 
Station 1/2 m 2 3 


Tie. 
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STA A/ As. SM £(A) 

FP О 1 О 
я .149 A ‚596 
2 .395 2 ‚790 
3 ,653 4 2.612 
4 . 834 2 1.668 
5 . 943 Y SE 
6 .983 2 1.966 
14 .997 4 3.988 
8 .999 2 1.998 
9 1.000 4 4.000 
10 1.000 2 2.000 
Ыы. „999 4 3.996 
12 „997 2 1.994 
13 .989 4 3.956 
14 .963 2 1.926 
15 .900 4 3.600 
16 „786 2 1.572 
a .619 H 2.476 
18 .407 2 .814 
19 mare 4 . 708 
20 .020 1 .020 
5 Ғ(А) « 1,152 

L = 440! E - 200! H 


DETERMINATION OF COEFFICIENTS 


y 


DITE ΙΝ. + + + + + + E 
LO CON OUI EU он он ми) фл ОЧУ COW O 


1 
į} 
O 


z f(LM) = 


er mm 


В 


Cp = se) = «ΤἩ L.C.B. EE x 8$ = ¿621 


А = 8 x2 F(A) X Ax 





a = 35 

V= A x 35 = 496,144 cu.ft. 
o = Za = .730 
pE 7. = 5.89X 107° 

ТЕЧ 
Total Length L. ent. 

44o ! 43.2% 
Cor = -715 (existing) Сре 
Сра = .735 Cof 


- 


= TAM 175 tons 


Middle body 


9.5% 
.710 (calculated) 


.746 


-85.404 
+ 1.256 


= 56,9! 
fwd, 


L. 
47 


run 


«32 





= 


TREND) 
TI Malie: 


T =з 


Г ir ік: anb 
t i ' 
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TOI AHO 


EHP BY TAYLOR 
ГайҢ0! В/Нғ2.090 Су-5.8 х 10-5 Re= 1.318 x L x Vy x 10? 
Ср= -74 B/Heorr.=-.154 A Cp=.004 
; : 2 
Cos. T4 Сес Cp+COp+ A Cf 
V/VE  B/H OQx1072 A0Qx10-2 C,x1072 R x10 С,х10-3 C,x10”3 
Vy T.5.5. conv. 


15 8.95 15 -@42 1.009 әлі 1.585 8.157 
5.15 3.00 1.45 


ЖО 
78 25 1.13% 035% ПО че RE 
E533 3.00 1,39 
B 


τὸ 2,25 1.07  -:0329 1.0371 8078 1.556” 80086 
15.11 30 1X5 


.71 2.25 1.01 -0.0308 .9792 8.65 1.559 2,938 
14.90 3.00 1 


Лә 5:5 .96 -.0288 ЖЕН 8.55 1.561 2.892 
1.65 5.989: 1.10 
. 11 


JD 2.85 90 ~.0308 .8692 8.41 1.564 2.833 
14.48 3.00 


68 2.25 ‚85 -.0308 3198 8.27 1.568 ENS 
14.25 3.00 1.90 





би 2.25 ,Ӛ%- -.9888 .7672 8.15 1.570 ENT 
14,05 3.00 ‚96 


66 2.25 .T8 -.0267 ‚17533 8.04 1.573 2.726 
13.85 3.00 .91 


65 2.25 .73 | -.0308 .6992 7.93 1.575 2.674 
13.65 3.00 „88 


.60 2,25 60 -.035 565 7.31 1599 23557 
12.6 3.00 (LT 


a 


= ж- «eer 


A = 


ә кыс 


TJ A 


T 


T E 


- $5 


a =, 


νι. 


a 4 


те 











EHP = Ct (A) Vy where 


Ct = total resistance coefficient 
Vk = Speed in knots 
А „= constant for hull form given by: 
A = .004280 C S where: 
C = density of sea water = 1.99 
S = wetted surface obtained from T.S.S. by 
S = Cé VV L 
For Cp =.74 at B/H = 3.00 Cs = 2.581 


at B/g = 2.25 Cs =< 2.567 


Therefor by interpolation for conv. 
at Cp = .74 B/H = 2.096 Cg = 2.564 


S = 2.564, [195,147 x HHO = 37,800 50.3 
A = .004380 (1.99) (37,800) = 329 

V/ vL Vk v Cc А ElPbare  SHPengine 
"2 15.75» -3910 3:157 340 4060 5200 
ТӘ 15.33 3600 3.048 329 3610 4620 
.72 15.11 3455 2.983 329 3390 4350 
71 14.90 3310 2.938 389 3200 4100 
.70 14.69 3170 2.892 329 3020 3870 
.69 14.48 3040 2.833 329 2830 3630 
.68 14.25 2895 2.787 329 2660 3410 
.67 14.05 2775 2.737 329 2500 3200 
.66 13.85 2660 2.726 329 2385 3060 
.65 13.65 2545 2.674 329 2240 2870 
.60 12,6 2001 2.557 389 1680 2150 


~The 





APPENDIX F 
CONVERSION DISPLACEMENT AND OTHER CURVES 

In this section 4 stations and 1 half station were used 
for caiculation by Simpson's Rule. For the Liberty Shin ex- 
isting stations FP, 1/2, 1, 2, and 3 were used to determine 
the offsets necessary. For the conversion stations marked 
(55) 5 (3 ‚©.@).@) were used to divide the interval of the 
new bow into similer stations for calculation on a change 
basis. Note that the (ЕР) corresponds to the true FP of the 
conversion, and that (3) corresponds to the Liberty existing 
station 3. 

In this section the table of offsets used for both Lib- 
erty and Conversion are shown, along with the sectional area 
determination. Calculations for only the 27' waterline are 
shown for determination of quantities, however all waterlines 
were calculated in the same manner from the aforementioned 


data. 
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LIBERTY SHIP EXISTING 


STATIONS FP 1/2 1 2 3 

En ont.) кес ER esa Brasil ndn 
0 0 ‚125 45 .625 ‚625 

1 ae 0 41127 1.85 7.0 14.25 
3 O .333 2.25 10.167 17,817 

6 O АЙЕ 4.25 1950 20.75 

9 О 1.417 6.338 16.083 28.75 
12 O 2.333 8.167 17.916 24,083 
15 0 3.417 9.584 19.25 25.00 
18 О 4.500 10.834 29.283 25,584 
21 О 5.584 12.083 21.083 26,000 

24 4293 6.667 13.083 21.75 26.25 
27 1.667 7.667 14.00 22.25 26.584 

CONVERSION 

C2 © © O, 
О O О О ‚625 ‚625 

1 1/2 0 0 0 4.916 14,25 
3 0 О О 8.083 1 
6 0 0 1.916 12.00 20.75 

9 О 1.833 5.85 14.667 88.75 
12 0 2.0 6.083 16.083 24.083 
15 0 2.584 7.083 17.297 25.00 
18 О 3.167 8.00 18.417 25.584 
21 O 3.584 8.584 19.0 26.00 

24 . 125 4.00 9.25 19.667 26.25 
27 5 4,417 9.834 20.167 26.584 
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LIBERTY EXISTING SECTIONAL AREA 





STATION 1/9 1 
WL SM HB £(A) A to WL HB лер A to WL 
o 1 „125 ‚125 .5 ub 
EXP Y . 167 .668 1.25 5.00 
s" 7 335 233 2.25 2.25 
*T(A) T. M6 (ETS 
А(0-3) = =f(A) = 1.196 T e 
в 1 „338 2955 2.25 2.25 
4 15 3.00 4.25 17.00 
1 οι 1.417 5.395 6.333 
25.583 
10.626 51.166 58.916 
Be + TAN 1.417 6.333 6.333 
12” Y 2.335 9.332 8.167 32.668 
15 1. 3.417 3.417 9.584 9.584 
= f(A)= 141606 43.585 
А(9-15)=2 = £(A)=28.332 38.958 97.170 156.086 
Jo NL 3.817 3.417 9.584 9.584 
18 4 1,500 18.000 10.934 43.336 
21 1 5.588 5.584 12.083 12.083 
= f(A)= 27.001 Е 
А(15-21)=2= £f(A)=54.002 92.960 130.006 286.092 
21 1 5.584 5,584 12.083 12.083 
24 4 6,667 26.668 13.083 52.332 
27 1 7.667 7 1667 14.000 14.000 
=?Р(А)= 39.919 "78.415 
А(21-27)=2= Р(А)-79.838 172.798 156.830 442,922 
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LIBERTY EXISTING 


STATION 2 
WL SM HB f(A) A to WL 
ENS S .695 „625 
3/2 4 7.00 28.00 
B 10.167 10.167 
38:797 38.792 
1 10.167 10.167 
413.75 55.00 
9 1 16.083 16.083 
81.250 201.292 
9 1 16.083 16.083 
ІН 4 17.916 71.664 
№ 1410.25 19.85 
100.997 415.286 
15 1 19.25 19.25 
18 4 20.33 81.320 
21 1 21.083 21.083 
121.653 658.592 
21 1 21.083 21.083 
24 421.75 87.00 
27 122.25 


22.25 
130.333 919.258 


3 

HB f(A) 
„625 „625 

14.25 57.00 
17.417 277 
75.042 

17.417 που 

20.75 83.00 
вать ==>, 

22.75 22.75 
24.083 96.332 
25.00 icm 

25.00 25.00 
25.584 102.336 

26.00 26.00 
153.3 0 

26.00 26.00 
26.25 105.00 


26.584 26.584 
157.58} 1231.380 


Ag 


A to WL 


15.042 


321.306 


609.530 


916.212 


FP 


HB  f(A) 


O 


О 
.333 1.332 


1.667 15566 
2.999 


5.998 





CONVERSION 


STATION (1/2) 


WL SM HB f(A) A to HB f(A) A to 
n WL WL 
to 1 О О O 0 О О 
3 
3 1 O О 0 0 
6 Д О О О О 
9 l О О 598 14338 d 
1.333 2.666 
9 0 0 is, 333 1.333 
12 à О О 2.0 8.00 
15 i О О 2,584 2.594 | 
47,917 26.500 
15 ili О О 2.584 2.584 
18 H О О 3.167 12.668 
21 ii О О 3.584 3.584 
19.836 64,172 
21 1 О О 3.584 3.584 
24 4 ‚125 5 4.00 16.00 
27 1 „5 5 2.0 a 217 4.417 
Ж 24.001 112,174 
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CONVERSION 


STATION y (2) 


WL SM HB £(A) A to WL HB f(A) A to WL 
6 1 О О ‚625 „625 
3/2 4 О О 4.916 19.664 
3 1 О О 8.083 8.083 
О 28.3712 28.372 
3 1 ο О 8.083 8.083 
2a 71.916 T4664 12.00 88.00 
EN 51.5425 55 14.667 14.667 
12.914 25.828 70.750 169,872 
9 1 5.25 5.25 14.667 14.667 
12 4 6.083 24.332 16.083 64.332 
ме ua 303958 99.158 И seth 362.704 
15 1 7.083 7.083 ҮЛ Me RT 
18 *4 8400 32.00 18.417 73.608 
21 1 8,584 8.584 19.0 19.0 
17.667 194.492 110.085 582.874 
21 1 8.584 8.584 19.0 19.0 
24 4 9.25 37.00 19.667 78.668 


9.834 20.167 29.167 
55.419 . 305.328 117.835 818.544 


STATION (5) is identically station 3 of Liberty Ship so 


27 1 9.834 


these calculations are not repeated here. 
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DISPLACEMENT AND L.C.B. CALCULATION 
LIBERTY EXISTING 
STA SA to 27' SM £(A) lever f (LM) 
FP 5.998 1/2 2.999 +10 + 29.990 
ιο 172.798 2 345.596 +9.5 + 3283.162 
1 442.922 3/2 664.383 + 9.0 + 5979.447 
2 919.258 4 3677.032 4 8 +29416 .256 


3 1231.380 1 1231.380 +7 + 8619.660 
S = 20.8! &f(A)55921.390 ¿£(1M)=117328.515 


5/3 χ 1/35 x 6 f(A) = 4 3 gyq = 1173 tons 


from disp. curve A exist .=13820 tons 
Z3 Aft =12047 tons 
L.C.B. = 8.73' fwd. © Vexist.= 483,700 èu. ft. 


IMexisting = 4,223,000 ft.4 from L.C.B. = IM/Y 
à IM = S?/3 x Qf(IM) = 6,786,000 ft.“ 


IM3 aft = Mexisting - e IM = - 2,563,000 25.4 
CONVERSION 
lever 
STA SA to 21! SM £(A) to 3 IM 


(ЕР) 25 176 19 +3.0 3.0 
(9 112.174 ο 224.348 + 2.5 560.87 
(1) 305.328 3/2 457.988 +2.0 915.976 
(2) 818.544 4 3274.176 + 1.0 3274.176 
(3) 1231.380 1 1231.380 
(A) =5188.892 


О О 
e f(A ©ғ(1м)=11755.255 
S298 .8! 
Аз гиа conv.” 1423 tons 0.0.3 рид, о * зх отим) 
= 12647 tons Am 
43 aft 0.6.3 fwd. c 5 26,40 ft. 
A conv. + 14070 tons 


= 49,800 eu. ft. 
er 


2 V = 35 x A3 rua. 


conv. 





DISPLACEMENT AND L.C.B. CALCULATION (CONT'D) 


SIM = 6V (Ig to x * e.g. of 3 fwd.c) 


li 


49,800 (145.6! + 26.40') = + 8,506,000 


LM 3 aft = 2,563 , 000 
LM of conversion with new bow = + 6,003,000 fet 


LOB = LM/S7 


+6,003,080/(35 x A cony.) 


6,003,000/492,700 


L.C.B. conversion = 12.18' fwd of existing & 
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CALCULATION OF OTHER CURVES 


LIBERTY EXISTING 27' WL $ -$8.8! 
STA HB SM f(A) lever  f(LM) HBS HBJ (SM) 
FP 1.667 1/2 .034 3 2.502 4.632 2.316 
1⁄2 7.667 2 15.334 2.5 5 450.688 901.376 
1 14,000 3/2 21.00 2 42.00 2744.00 4116.00 
2 22.25 à 89.00 1 89.00 11015.14 44060.56 
3 26.584 1 26.584 0 O 18787.15 18787.154 
e f(A) = 152.7522:(L1M)-171.837 2ғ(1;) = 57807.406 
CONVERSION 27' WL S = 28.8' 
STA HB SM f(A) lever f(LM) HB3 HB? (SM) 
Ῥω 2/4 „25а 8 45 ‚125 . 063 


(/2) 4.417 2 8.834 


22.085 86.175 172.350 


2 
(1) 9.834 3/2 14.751 2 29.500 951.022 1826.533 
1 


(2) 20.167 4 80.668 


80.668 8202.078 32808.312 


(3) 26.584 1 26.584 О ο ‚154 18787.154 
6 f( 53194 .412 


A) = 131.0872£(1M)=133.005 КЕ 
DATA FROM LIBERTY DISPLACEMENT AND OTHER CURVES 
Ve=483,700 £t.3  TPI¿=48.46 —C.F.Q2.44' Fwd. 
MT 1,"= 1317 ft.-tons KB, = 14.34! Le 


DATA FOR CONVERSION PREVIOUSLY CALCULATED 
Le = 440: Vo = 492,700 KB 


с 


NOTE: Subscript e for Liberty, and subscript c 
in calculations to follow. 


BB. 


NECESSARY 
КМ, =24.20' 
е 
416' 


14.34' 


for conversion 





To find Tons per inch immersion, TPI from: 
ΤΡΙ = Ayı/(12 x 35) = A,1/420 ала 
Awl, = Áwlg - ÁAwl(3fwd)e * Auı(3£wd). 
Au], = ТРІ х 420 = 48.68 x 420 = # 20,35% dumm. 


S/3 x @f(A) = 
20.8/3 x 152.752 
6.93 x 152.752 


“wl (3fwd ) ¢ rs К E Tec + 1,258 sq.ft. 
Ες... «ων... 


TPle = Awl¿/ 420 = 20,552/420 = 48.93 = TP Io 


Aw1(3fwd)e 


- 44059 Sq.ft. 


To find center of flotation of waterline, CP, use: 


CF = Longitudinal moment of waterline area/area 


= МИ Ayı 

αχ. = LM, - ІМх (Зғид) 2 + LMy (3£wd). and 

LMy(3fwd) * Awi(afwa) * | Boss) + Lc .g. (3fw8) | Where 
Lo g.(3fwa) - 98 х & f(1M) A) 


beng.(32wd), SONO x 171: — 152.752 


23.40! fwd of 


ии 


25.9 x 131. 7. / 131.087 


Le .g.(3fwd). 29.221 Сид ог 


LMy = Ану Х Се = 20,353 х 2.14 =... + 49,661 16,3 
LM = 1,059 x (145.6 + 23.40 
E 178,984 mal 
LM = 1,258 x (145.6 + 29.22 
ο = 1,258 х ΠΝ 2 τ . . «220,000 Г0.3 
MEOS... a + OT S 
C 


CF, = IMx,/ Awl, = (+90,677)/20,552 - h.hl' fwd.$e - CF, 


40A — 
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To find Moment to Trim 1", MTI, use; 
MTI = 13/ (Lx 420) 
Ij » I, - Agi (CF)? and 
ap 12 2 
Ti, = Ij, + Awi,(CFe)^ - Aui(afwa), É боз = Le 5. (3108), | 
2 
* Awi(3fwd), E to 3 * be.s. (3200). | 


= Awl. (сғ,)2 Where everything except 
ij aS determined before. 


Ty, = MTIg x Le x 420 =(1317)(416)(420) = +230,362,000 ft." 
Аз, (Со) = 20,353 х (2.41)? =..... + 121,000 ft.” 
Aw1(3fwd)g Ес 3 * Lo.g.(3fwa),]- = 
1,059 x (169.0)? = . . - 30,248,000 ft.” 
Aw1(3fwd), E bo 3 * Leg. (3208)p| = 
1,258 x (175.82)? - « 38,560,000 £t. 
Awl, (CFe)® = 20,552 х (4.41)? =... 2. 399,000 ft." 
и м.......... м 238,316,000 ft." 


Ç 
MTI. = I1,/ Le x 420 = 238,316,000 /(440 x 420) = 


1290 ft.-tons = MTI, 


-B5- 






< -a m dg j 
w 4} οὐ 
Læ ἪΝ Jj αὐ. 





λα, | — "w. 
14 кн. | = EN IL 
0 
шнек ә A 
SES EE й" ДР 
" wu — A" d 4 IT ESI TIT. ze y αι τ - . | 


uD а Е nm 





Шо” e е 
6» e 
T M ια. Γι E A | » 
г! 
oe = > 
I | 
e = же = ' а у 
En ' 





To find Transverse Metacenter above base, КМ., use: 
BM; = EM; - KB 
ВМ = 1+ ИУ and 


Ir. = le, - lc(3fwa), * Ic(3fwa), where 


It(3fwd) 29/0 x" & x cf (Iz) 
Bit. = UN = KE. = 24.20 E 14.34 = 9.86 ft. 


It, = BM, x V, = 9.86 x 483,700 .4,769,000 ft." 


e 


Tt (3twa), = 2/9 x 20.8 x 67,867 - 313,000 rt.4 


1¢(3fwd), - 2/9 & 28.8 x 53,191 = + 340,000 fc, 
Ic EE T wx" QA. 2.62.2. 2.2... 4,796,000 ft.” 


ВМ = lt, / 572 = 4,796,000/492,700 = 9.73 ft. 


Calculations proved KB, = KBa = . . . 14.34 ft. 


ΚΜΕ 


ο = KBo + BME, = . + + + + * 2. . 24,071 = КМ с 
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APPENDIX G 

FLOODABLE LENGTH 
Approximation of Floodable Length curve is based upon 
Webster's Method.* 
Depth to Margin Line = 37.0 ft. 
Molded draft = 27.0 ft. 
Freeboard = 10 ft. 
Block coefficient = 0.730 
Freeboard Ratio, f, = freeboard/depth = 10/37 = 0.27 
Sheer forward = 17 ft. 
Sheer ratio, fwd. = sheer/depth = 17/37 = 0.46 
Sheer aft = 6 ft. 
Sheer ratio aft = sheer/depth = 6/37 = 0.161 


Permability assumed, “= 0.64 at ends; 
M= 0.80 machinery spaces 


$ Flood. Length 


STATIONS т a a+ f mach. space ends 
£L ο 22 %- m( a + f) .804 [n(a«£)] 
AFT TERM. 10.15 .2213 .4913 19.75 24. 
"ο 53.28 .0485 3185 17.00 21.2 
20 53.08 .0408 .3108 16.50 20.6 
30 63.25 .0415 .3515 22,20 27.8 
40 02, ОШь, 0147» .2847 26.20 32,8 
15 105.51 .0013 .2687 28.30 36.0 
50 104.90 .0036 .2736 28,65 35.3 
60 85.01 .0302 .3002 25.50 31.9 
TO 62.15 .0652 .3352 20.80 26.0 
80 59.02 .0720 .3420 20.20 25.2 
85 62.91 10936" , 3865 23.10 28.9 
FWD TERM. 41.66 .3340 .6040 25.20 31.5 


x 
Reference 23 p. 22 
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APPENDIX H 
HULL STRENGTH CONSIDERATIONS 

Since the length of the Liberty has been increased to 
ДДО feet, a check on the longitudinal strength is necessary. 

Using the drawing, Fig. 21, Midship section of Liberty 
ships, which is taken from "Marine Engineering and Shipping 
Review", April, 1942 an approximation to the section 
modulus is calculated.* The assumed neutral axis for the 
calculation is the base line of the ship. Those parts which 
were chosen to provide the strength are as indicated in the 
calculation. The following notation is used: 

a= area, square inches. 


dn= distance of the center of gravity of each component 
above the base line, feet. 


a dp" moment of area of each component about the base 
line inches squared x feet. 


2 
a (dq) = product of the moment of area of each component 
times 458 digtance from the baseline, 
inches*txfeet”. 


197 moment of inertia of area of each component about 
its own center of gravity, іпсһевех feet-. 


d= distance of the neutral axis above the base line, ft. 
For simplification, small moments of inertia have been 
neglected; also in some cases the center of gravity of some 
of the components has been approximated. 
I = total moment of inertia of midship section, inches¢ft¢ 


e = distance from neutral axis to main deck at side or 
base line as indicated, feet. 


* Reference 14, p. 213 
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MEMBER SCANTLING a d 
Center Girder 43 3.2% ХОТ. 75 17029 
1/2 onl 


Keel Plate 30 x = Б 26787 ei 2.64 0.26 
Dble.Bott. OF x 0.58 μη 3.63 63.2 230.0 


CL Strake 





θεν = Ах 02 16.5 1.15 29.4 51.4 15.6 
= mean 
Dble.Bott. O x О, 35.2 3S5 120.0 JO 
NI. 51 least 
Dbie.Bott. Owx ON 35.2 3995 120.0 4.0 
PL.72 
Dble.Bott. 0 % 9. ӘБЕС 3963 125.0 „© 
PL.#3 
Margin PL. x 0.54 35.6 3.03 129.0 169.0 
least 
Gusset PL. 12 x 0.44 5.3 5.0 20. 132.0 023 
A Strake x ex SEM О - - 
B Strake x» €. E om 0.1 9.02 TA 
C Strake RID. vi 0.33 10. ok 
D Strake OO x 0.04 56. 320 169.0 500.0 
5' Rad. 
E Strake ‚580.63: 40% e. 5 345.0 2040.0 
F Strake 80 x 0.63 50.4 14.5 ТЭСО 10600, 0 187 
G Strake GO x 0363 50.4 21.0 1060.0 22200.0 197 
N Strake * .80 x 0.03 50.1 27475 ποπ 38408070 TO 
J Strake 80 x 0.70 56.0 37.5 2100.0 78800.0 208 
Upper Dk. 18 x .025 11.2537.5 422.0 15830.0 2 
Girder 


end Deck ol x 0.40 21.6 28,6 618.0 17700.0 


Stringer 
end Deck ОҢ % 0,80 33.6 28.6 961.0 27500.0 


PL.#2 
end Deck x 0.410 33.6 28.6 961.0 2730070 
PL al 


Upper Deck C7 x 0.71 40.5 38.1 1540.0 58600. 0 


Stringer 
Upper Deck 82 x 0.71 58.2 38.1 2220.0 84500. 0 | 


PL.#2 

Upper Deck E ο ee 1 2220.0 500.0 

PL.#1 

SUMMATION 949,2 15426.7 472197.26 1035.7 
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а ап 
dg z > = 15400 = 16.2 ft. above baseline 


= a EFE 
> a ας = 949 x (16.2)? = 219,000 inches®xfeet® 
1/2 = 473,000 - 249,000 = 224,000 inches?x feet? 
Ttota1 = 448,000 inches?x feet? 


Top $ - 21'1" Bottom ο = 16'3" 
Top I/e = 448,000 Rottom I/e = 448,000 
21.08 16.2 ΠΠ. 
- 21,300 in?xft. a OT, S QD: πα, 


The required longitudinal modulus for effective material* 
where L is less than 600 feet and Beam, B, is between 


19 and L/10 + 20 = 64 is given as; 


L/10 + 5 
f x d x B where 


I factor obtained from table 


d = draft, feet 


B molded breadth in reet, amidships 


I/e required = f x d x B = 13.10 x 27.15 x 56.9 = 


2 pt. 


20,200 in 
The Bending Moment, M, using the standard bending 
moment formula is as follows: 


0.75 Lx B x d 


А (35)? Е 0275 x(440)&x 56.9 x 25 
(35)* 
M = 183,000 ft.-tons 


The stress using this standard bending moment would be: 


=’ = 0.75 1° = 0.75 (410)? » 9.05 tons/1n*. 
EUNT WESS т 


* Reverence 10, р. 16 
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By using the standard bending moment and the section 
modulii as approximated, the stresses at top end bottom of 
the section would be: 


M 183,000 A 
< top = E = 21,300 = 8.6 tons/in^ 





Ss” - M _ 183,000 3 2 
bottom ТОМ Ë "37,700 6.6 tons/in 


It is known that there is an approved American Bureau 
of Shipping alteration employing riveted butt straps on the 
decks of the Liberty Ships for crack arrestors, Since 
information could not be obtained concerning the síze, 
number, and location of these butt straps; no attempt was 
made to correct the strength calculation for their inclu- 


sion. 
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APPENDIX I 
WEIGHT ADDITIONS 

HULL WEIGHTS NEW BOW 

An approximate estimate of the weight of new bow added 
over the existing bow is determined on the basis that an 
average frame Such as that exisiting at frame #22 would be 
typical of the average size frame in the new added length 
of 24 feet of bow. А more exact method for determining the 
weight added does not seem warranted for this type of 
investigation. 

The calculations for this addition are shown on the 


foliowing page, and amount to 60 tons weight addition. 


PROPELLERS AND SHAFTING 
The existing propeller and shafting weight is 61 tons; 
10.5 tons for propeller and 50.5 tons for shafting. Based 
upon these figures, the new propeller weight was estimated 
at 24,000 lbs. or 10.7 tons. For the shafting the ratio 
of the old and new diameters squared was used to estimate 
the new shafting weight; i.e. 
(Dnew/ Dola)" Х Wteoig = Wtenew 3 (15.25/13.5)^x50.5 
Weight of new shafting = 64.5 tons 
Therefor the new propeller and shafting weight equals 
10.7 tons plus 64.5 tons or approximately 75 tons, repre- 


senting a weight addition of 14 tons. 
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HULL WEIGHT ESTIMATION from typical Frame //22, *frame 


Spacing 27 inches 
ITEM Total est. length or 
area per frame. 
TRANSVERSE MEMBERS 


Est. wt. in lbs. 
per frame space. 


TAR 15.84 Inv. L 34 ft. 557 
8x 4 x 17.2% Inv. L 30 ft 516 
DET. 7-A 137 2 sg Met. 25 
DET. 7-B 315.54 Jo" sq. Pt. 180 
DET. 7-D 17.9% асо ое 215 
8 х 3.5 х 3.5 x 21.440 28. 600 
VE 29, 62 [. zio dete 1320 
LONGITUDINAL MEMBERS 

Inner bottom 21.27 > Tell ja 36 sq. ft. 764 
Inner bottom 25.37 NO ft. 22.5 sq. ft, 568 
Shell 28.6# NOE TL ба, ЖС 1158 
Shell 26.1# er ee. ft. 352 
Shell 23.7# 36 Tt. MEDICO SEO, 1920 
Keel 35.97 1 fi 2.25 sq. ft. 81 
and Dk. 16,3% 27 fte qO69.Q.sge ft. 990 
Upper Dk. 21.24 38 ft. 67.5 Saft. 1430 
TANK ТОР 21.2% 


42 ft. 94.5 sq. ft. 2000 
Total 12656 lbs, 


Approximate weight of hull steel added in tons for 24 ft, 


additional bow is given by: 


Length added x weight of frame per ft. 


24 x(12/27) x (12656/2240) = 60 tons 


* 


Reference 9, Framing Sections 13 to 165 
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nEDUCTION GEAR WEIGHT 
The weight of gears was determined before in APPENDIX C, 
Reduction gear design. ‘These weights are repeated here and 


approximations made for other components to estimate complete 


weight. 
Weight of gears only: 8755 lbs. 
8755 lbs. 
(ο 155. 
Casing and sump 1000 lbs. (assumed) 
Total 26220 lbs. or 26,500 lbs. est. 


26,500 lbs. = 11.8 tons; therefor assume 

Reduction Gear Weight = 12 tons 
MACHINERY ADDITIONS 

For all machinery additions either known weights were 
doubled, or estimates were made for determining the new 
total machinery weights. 


FINAL TABULATION OF WEIGHT ADDITIONS TO FIND LIGHT SHIP WT. 
Wt 


Item 7 Description Liberty Added Conversion 
0-6 Hull Steel 1981 60 2041 
6 Foundations 50 35 85 
8 Deck Houses 139 139 
Rivet & Weld 60 7 6 
Sub-total STEEL 2230 2332 
lO - 19 _ OUTFIT 10 1 2 
20 Prop. Units 140 140 200 
+ Red. Gr. 12 12 
21 Main Feed System 10 10 20 
22 Make up feed, evap. 2 2 
23 Shafting € Prop. 61 14 75 
24 Lube oil system 2 1 3 
25 Compressed air sys. 0 О 
26 Boilers 130 130 260 
27 Steam piping 15 10 25 
28 Misc. 45 45 
29 Liquids 15 45 90 
Sub-total MACHINERY 450 — ee le 





Total LIGHT SHIP 33900 478 3868 


-9H - 


WL ο» .. 
ште эг 


0 нш s 










2 E - - жəн ж ик 








--- ἐπ. Й JY w u 
—. -— 1-9 e ü 8 LE зе 
= . -——— - иш 
К mm 
ee cÀ— س‎ to qe |)  — A 








were 


APPENDIX J 
CAPACITY CHANGES 
In this section the following methods of calculation 
used: 

l. In vieinity of Hold Z1 the area curves for 
capacity changes, Fig. 20, were integrated by 
planimeter between leveis and bulkheads where shown 
to obtain the molded volumes of spaces. 

2. For Hold Z3 and vicinity, since this is in 
the region of wall sided structure, a ratio of old 
length to new length was applied to existing volumes 
to obtain the new capacities. 

3. For Deep Tank #3 the volume lost was 
caleulated on the basis of the difference in volume 
of the enlarged thrust recess for the reduction gear 
and the former thrust recess volume.; i.e. 


Thrust Recess (old) 8' wide x 10'3" long x 11'4" deep 
equals 930 cu. ft. 


Enlarged Thrust recess for reduction gears: 
10' long x 33'6" wide by 16'6" deep equals 
5540 cu. ft. 


Volume lost by enlargement = 5540 - 930 = 4610 cu. ft. 
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CAPACITY CHANGES FUEL OIL 


LIBERTY EXISTING gue Tu. gals. 
at 
SPACE 
MO. TANK 41, (D.B.) 4914 36,863 
F.O. SETT. Fr.88-96P 1898 14,083 
F.O. SETT. Fr.88-96S 1898 14,083 
Deep Tank #3 P&S 26100 195,028 
Sub-total existing fuel 
CONVERSION 
Molded Avail. 
SPACE Volume Volume at % gals. 
F.O. TANK #1 (D.B.) 7400 6290 at 85% 47,100 
Е.О. SETT. Fr.81-90P 2207 2135 at 97% 16,000 
F.O. SETT. Fr.86-965 2450 2370 at 97% 17,800 
DEEP TANK #1 P&S 11900 10700 at 90% 80,200 
DEEP TANK #2 P&S 15500 13950 at 90% 104,500 
DEEP TANK #3 P&S 26323 22900 at 87% 171,500 
Sub-total conversion fuel 
Conversion Sub-total . . . . . . = 1568 Tons 
Liberty Sub-total. . . . $ . = 934 Tons 
Net gain fuel oil capacity оо = OJT TONS 
Liberty existing capacity(Total) = 1819 Tons 
Total Conversion fuel oil cap. = 2453 Tons 
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TONS 
37.23 ft? 
ton 
132 
51 
51 
ТОО 


934 tons 


TONS 
169 
51 
64 
288 
375 


4 


hr 





CAPACITY CHANGES - CARGO 


LIBERTY EXISTING 


SPACE Grain cubic 
Hold #1 41,257 
Tween Deck #1 42,924 
Hold #3 (20 Frames) 68,459 
Tween Deck #3 (20 Fr.) 27,970 
Deep Tank #1 P&S 7, 8 
Deep Tank #2 P&S 14,946 


Deep Tank #3 P&S 26,862 


Bale cubic 


36,083 
89 ,iBB? 
295895 
23,904 

5,133 
10,862 


24,530 


Sub-totals existing 229,606 gr. 200,227 bale 
CONVERSION 

Moided 
SPACE Volume Grain at @ Bale at % 
Hold #1 48,250 45,800 at 95% 12,000 at 87% 
Tween Deck #1 59,650 56,600 at 95% 51,900 at 87% 
Hold #3 (13 Frames) 45,600 38,900 
Tw. Deck #3 (13 Frames) 18,180 15,550 
Deep Tank #1 P&S 11,900 11,300 at 95% 10,350 at 87% 
Deep Tank #2 P&S 15,500 14,750 at 95% 13,500 at 87% 
Deep Tank #3 P&S 26,323 _25,000 at 95% _22,900 at 87% 
Sub-totals conversion 217,230 gr. 195,100 bale 
Conversion Sub-totals 217,230 grain 195,100 bale 
Liberty Sub-totals 229,696 grain 200,227 bale 
Net loss in capacity 12,466 grain 5,127 Dale 


Liberty existin 


capacity (total 562,608 grain 


Total capacity Conversion 550,142 grain 
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APPENDIX K 
FUEL OIL CONSUMPTION AND RELATED TOPICS 
STACK AREA CALCULATION 

The fuel oil rate for one unit at 2300 SHP is 
approximately 230 barrels per day.* To convert to 
pounds of fuel oil per hour: 

230 barrels/day x 1 day/24 hrs. x 31.5gals/barrel x 
8.06 pounds/gal. = 2430 pounds per hour per unit. 

Thus the total fuel oil burned for 4600 SHP (two units) 
is 4860 pounds per hour. Based upon 200 pounds of fuel per 
hour per square foot of stack area** the required stack 
area is: 

4860 pounds/hr. x 1/200 sq. ft. per pound per hr. 
equals 24.3 square feet required stack area. 

Present inner stack Diameter is 5.5' giving a presently 
installed stack area of 23.8 square feet. 

We will accept the present stack area as sufficient 
Since the required stack area would entail an enlargement 


of the inner stack diameter by only .05' 


* Reference 26 
**Reference 12, p. 95 


-98- 


















. + ™ 
m o — u 
- тим” y 


ұр NE е % la — ж- к же ж, жоғ 





u — жш” παν ж кш 4 





κ“ Gore aw © 
ως th | - - ш |o «κ 


- X ы Г Т А е в 4 





— ames .. жш ő — же a Y Å . — 
κ oO 5: ui @ - -Ὁ a = s o h 


a Ф eae - % Т "Ἴαι 





«н за» mu <> Т" ж ж! шош, тше 

Ἱ «кə a 
мне ә ғ. 7” 

-— n 

wa. may, M ú t= 

шыға : Uggs Ge ¿E um LP UA 

І Im 4 өн: не αὶ 





RANGE 

The range will be calculated at the full power speed 
of 15.3 knots using 4600 SHP. As before the fuel oil rate 
at this power is 4860 pounds per hour. Therefor: 


Range = 2453 tons fuel x 2240 #/ton x 1/4860 #/hr. 
x 15.3 knots 


Range = 17,500 miles 
FUEL OIL CONSUMPTION PER MILE 
The fuel oil consumption per mile at 15.3 knots is 
given by: 
460 bb1./day x 1/24 hr./day x 1/15.3 mile = 
1.25 bb1./mile at 15.3 knots for 4600 SHP 
Fuel oil consumption at other speeds and powers will 
be listed below: 
15 knots at 4200 SHP using 420 barrels per day; 
consumption = 1.17 bbl. /mile 
14.5 knots at 3600 SHP using 360 barrels per day; 
consumption = 1.04 bb1./mile 
For the existing ship the fuel oil consumption at 
19.2 knots with 2300 SHP using 230 barrels per day is 
.785 barrels per mile. For this same fuel consumption 
per mile, the conversion would be making approximately 13 
knots with 2400 SHP using 240 barrels per day; thus the 


decreased resistance of the new hull form is illustrated, 
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APPENDIX L 
FREEBOARD AND TRIM 
LOAD LINE CALCULATION 
The basic minimum freeboard* for L=440 ft. = 84 inches 
Addition for flush deck steamer (1.5 x — is 
= 9 
The coefficient of fineness is given by: 


E TUA , Where 
LxBx di 


A = vessel's molded displacement in tons 
(excluding bossing) at a mean molded 
алагъ ау 


d, = 85% of molded depth = .85 x 37.33' = 31.7' 


B = maximum breadth amidships, molded = 56,9! 


C= 29 x EA = 0.742 
οκ οσο ος 3]. 


Correction for coefficient of fineness: 


0.742 + 0.68 = 1.422 = 1.045 
1.3 1.36 


Therefor freeboard corrected = 1.045 x 90.6 = 94.6 inches 
L/15 = 440/15 = 29.4' < D = 37.33! depth 
Deduction for excessive depth: 
(D - L/15) x R where R = 3 
(37.33 - 29.4)x 3 = 23.8 inches 
Final freeboard as computed by rules (required) = 70.8" 
Freeboard of Conversion at 27.15' DLWL = 122.2" 


* Reference 10, p. 23 
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If the converted Liberties are operated at a full load 
draft of 27.15 feet, they will be well within the freeboard 
limitations as required by law. The draft must be limited 
to 27.15 feet due to strength considerations. (See APPENDIX H) 
TRIM 

An approximation for determining the trim of the con- 
version will be made based on the light ballast condition 
of the PATRICK HENRY*. Data used from these trials of the 
PATRICK HENRY follows: 

TANKAGE CONDITION 

Fore peak - empty 

Deep tanks forward - empty 

Double bottom tanks - fuel oil and fresh water 

After deep tanks - fresh water 
After peak tank - fresh water 
DRAFT Forward 7'3" 

Aft ры" 

Mean 1213 1/2" 

DISPLACEMENT from curves = 5700 tons 

Trim corr. (10') = -130 tons 


Sp. gr. corr. - 80 tons 
Corr. displacement 5490 tons 


To find center of gravity of ship in light ballast condition: 
Enter displacement = 5490 tons (Fig. 14) 
Mean draft = 12' 
C.F. = 10.6' fwd. 4 
MT 1" = 962 ft. tons 
Trim =- 1811" - 121° 
L.C.B. = 10.86* few № 


* Reference 24 
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Trimming moment = Trim x MT 1" = 121" x 962 ft.-tons/in. 


116,402 ft.-tons 
Trimming moment = A(L.C.G. - L.C.B.) = A x Arm 
Therefor Arm = 116,402/5490 = 21.25! 
L.C.@. = 21.25: - L.C.B. (fwd) = 21.25: - 10.86" 
L.C.G. = 10.39! aft & 
For the conversion the change in moments and weights due 


to structure and machinery are based on the following table. 


Weight Dist. 

ITEM added from & Moment 
Hull 60 tons +214 fis. «12,830 
Boilers 130 tons + 9.5 ft. + 1,235 
Main Eng. 140 tons - 35.5 ft. - 4,970 
Shafting 14 tons -127 ft. - 1,750 
Red. Gr. 12 tons - 51.95 ft. = б15 
Misc. 122 tons + 20 ft. » 2,440 


Totals +478 tons 


% 2, 
ft 8 -tons 


To find the new L.C.G. of conversion and displacement at 


the light ballast condition: 


ITEM Weight Arm Moment 
Existing Liberty 5490 - 10.39 -57,041 
Structure changes 478 + 9,150 
F.O.#1 Double Bott. 37(added) +162 + 6,000 

Totals 6005 tons -41, 

ft.-tons 


L.C.G. of conversion - Moment/ weight 
= - 41,891/6005 = 6.97! aft $* 
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For conversion: 
Enter displacement - 6005 tons (Fig.14) 
Mean draft = 12.75! = 12! 9” 
L.€&9, 2 13.3' fwd of Y 
MT 1" = 960 ft. tons 
Trimming moment = A(L.C.G. - L.C.B.) 
= 6005 (-6.97 - 13.3) = 6005 (-20.27) 
= -121,500 ft.-tons 
Trim = Trimming moment/ MT 1" 


i 


-121,500/ 960 = 126" = 10' 6" trim by stern 
New drafts are approximately: 
Draft aft = Mean draft + Trim/2 
za OU a" Alis а! B" 
Draft fwd. 


Mean draft - Trim/2 
12! p - 5! a" = 7! 6" 
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APPENDIX M 
ESTIMATED COST 

A letter describing briefly the nature of work involved 
in the conversion was sent to four major shipbullding compan- 
les in hopes of obtaining reliable cost estimates. A copy of 
this letter is presented at the end of this Appendix. 

Two of the shipyards did not wish to be quoted directly, 
but replied with the following rough estimates: 

"Two Million Dollars, Plus or Minus" 

"a very rough estimate . . $1,500,000.00" 

A third shipyard was very much interested in the pro- 
posal and requested detailed information on the conversion so 
that their refined estimate would reflect the true nature of 
the conversion. To this end, arrangement plans and drawings 
were delivered to this concern, and they undertook a detailed 
estimate. Their estimate for the conversion is $2,100,000.00 
for each ship, requiring about 9 months for completion after 
award of contract. The detail and time that this company 
spent in preparation of this estimate far exceeded our 
initial request, and the cooperation by them could not be 
surpassed. 

The fourth shipyard replied, "Your letter is having the 
attention of our engineering department, We expect to have 
some data from them shortly . ., and hope to get it to you in 
time for your presentation." Their estimate has not been re- 


ceived and is therefor not included. 
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In view of the fect that all estimates azree closely, 
the conversion should cost approximately One and One Half to 
Two Million Dollars. Some savings might be accomplished in 
labor and material by use of detailed procedures to bring 
about the full intent of this proposal; i.e. a least cost 
conversion. One particular item in this category would be 

ime in dry dock. 

A thorough investigation of the bow changes might show 
that this portion of the conversion could be accomplished 
outside of dry dock by using excessive trim by the stern. If 
it is possible to construct the new bow without supports while 
the ship is in the water, this would materially reduce the 
dry dock time, and a considerable cost savings made. Thus, 
dry dock time would be required only for the stern tube and 
shafting work, and underbody cleaning and painting which is 
definitely required prior to putting the ships in service. 

Modest returns for this project would be realized in the 
financial return for the scrap, and the savings made by elim- 


ination of the maintenance cost for the scrapped vessel. 
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The fourth shipyard's final answer was received 25 May 
1954. This reply contained detailed breakdown information so 
that we could make a very close estimate of cost. Since they 
requested that their breakdown not be made a matter of public 
information, only our estimate of cost from their detailed 
figures is given. Their information contained complete cost 
figures for the entire scope of work intended in the thesis, 
plus some additional work suggested by them for improving the 
intended conversion. From this data our estimate of a high- 


low range is $1,100,000.00 to $1,300,000.00. 
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18 April, 1958 
Blank Shipbuilding Company 
Gentlemen: 


We have undertaken a thesis at M.I.T. concerning a con- 
version pian for Liberty Ships. Basically it is designed for 
two reasons. First, it may mean continued peace-time ship- 
yard work for the shipbuilding industry, and second. it may 
be a Solution for the U.S. Government to the pressing problem 
of "what to do with 1500 Liberty Ships, costing originally 
upwards of 6 billion dollars. having no real potential in 
ease of emergency." 


Our proposal is based on the following: For each ship 
scrapped, one would be modernized, using propulsion machinery 
obtained therefrom. Two additional boilers would be mounted 
forward of existing boilers (between frames 88 and 82). This 
would necessitate moving the existing forward engine room 
bulkhead from frame 88 to frame 81, also a new hatch must be 
made for hold #3, made smaller by this installation. Two 
main engines are to be located side by side, each 6' 6" from 
the centerline of the ship in the same longitudinal location. 
Single reduction gears for engine speed of 76 to 85 RPM of 
propeller are proposed. These are to be manufactured and 
installed with the following approximate sizes: о about 
T ft. Diem., 1 about 6 ft. Diam. New line Shafting 15; int, 
tail shaft 17 in., stern tube апа пем 18! 0" propellers complete 
the major machinery changes. Necessary auxiliaries are to be 
duplicated by material from scrapped ship. 


In addition to doubling the I.H.P. of the existing plant, 
the ship will be lengthened 24 ft. by addition of new bow 
faired into existing station #3, approximately frame 30. The 
new bow has cut-up, starting 53' 7" from the new forward per- 
pendicular, raked stem and 3 angle of entrance at 27 ft. W.L., 
of 16 degrees. 


Our problem at the present time is to obtain a "snap 
estimate" of cost for inclusion in the final report. It is 
not the intention of the writers to promulgate any such in- 
formation without the approval of the source, and the source 
Will not be mentioned in the report by name. Thus, clearly, 
all we are after is a reasonable figure to either support or 
reject our proposal. Any information that you might be able 
to supply would be greatly appreciated and would be included 
in the thesis under any condition or restriction that you 
desire. 


Thank you for your interest in this matter. 


Yours truly, 
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